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SYNOPSIS—This is the second largest power 
plant of the West Penn Traction Co. It has been 
remodeled and contains turbine- and engine-driven 
One new boiler has been added to the six 
water-tube boilers, which have been reset. Forced 
draft is used, the fans being driven by steam 
turbines that can be operated at three speeds, rang- 
ing from 1,200 to 2,400 rpm. 
has been applicd in the handling of coal to and 


wi ils. 


An ingenious idea 


from the crusher. River water is used, and owing 
fo ils acidity, a water-softening system with an 
hourly capacity of 16,000 gal. has been installed. 


By W. E. Moore * 





The City of Wheeling, W. Va., lies on the western 
boundary of the territory served by the West Penn Trac- 
tion Co., and here the company has in service its sec- 
ond largest power plant. The power-house site is on the 
Ohio River, which provides ample circulating water. The 
river is the only source of abundant water supply in that 
section and is contaminated by acid and scale-forming 
matter. Another disadvantage is the wide fluctuation in 
the river level from season to season. While the water 
is not altogether satisfactory for surface condensers, on 
account of the suspended matter found, the advantages 
to be derived from this type of equipment are evident 
in view of variation in the water level. 

The rapidly increasing use of central-station power in 
this district during the last year or two has necessitated 
much additional power-plant equipment. 

The equipment in the Forty-Second Street 
louse of the Wheeling Traction Co., a subsidiary of the 
West Penn Traction Co., originally consisted of two 
650-kw. d.-c. engine generators, one 800-kw. engine gen- 
erator and 1.875-kv.-a. 


power 


one low-pressure steam turbine 


*Vice-president and general West Penn 


rraction Co 


manager of the 


West Penn Traction Co.’s Wheeling Power Plant 





taking the exhaust from the engines. 


The low-pressur 
turbine is served by a jet condenser, the cooling water 
for which is pumped from a cold well (Fig. 2) at the 
river side. Fig. 1 is a general view of the engine room 
from the end containing the low-pressure turbine. 
The company owned considerable land adjacent to the 
power house—sufficient to allow of building an 80-ft. 


extension. To take care of the increasing load, two of 
the 1,500-kw. maximum-rated turbines were removed 


from the Connellsville station and installed in the Wheel- 
ing plant, Fig. 3. A plan of the completed plant is shown 
in Fig. 4. 

The old boiler room and a part of the engine-room 
The boilers 
were also too crowded for good operating conditions, 
particularly regarding cleaning and inspection. As the 
old settings were in unsatisfactory condition, the boil 
ers were reset on concrete foundations and elevated sutti- 


floor level were below the high-water mark. 


ciently to bring the boiler-room floor above the high-wate: 
level. This also permitted of the laying of tracks of stand- 
ard street-railway gage and of cars being run under the 
ashpits, thus providing for convenient removal of the 
ashes. 

A list of apparatus installed in the improved plant ts 
given in the table of principal equipment. 

The boiler equipment of the old plant consisted of thi 
550-hp. and three 350-hp. special five-drum = water-tul 
boilers, all of the same cross-section. These boilers wer 
designed for 160 lb. steam pressure. 
consisted in adding one 550-hp. unit. The existing bo! 
ers were then reset and relocated. The new boiler wa- 
first erected on its foundation at the end of the new 
tension farthest removed from the old boiler room. ‘T!i 
foundation for the second boiler was then prepared. Att 
the concrete was set sufficiently, the boiler in the old boi! 
room next the extension was torn down and placed up 
the new foundation. This left a clear working space b 


The changes mac 
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FIG. 1. GENERAL VIEW OF 


tween the completed new part of the plant and the old 
ry > 4 
The boilers are equipped through- 


part still in operation. 
out with built-in soot blowers. 

Under the 550-hp. boilers are mechanical underfeed 
stokers with a grate area of 9L sq.ft., and in the 350-hp. 
oilers, stokers of the same kind having a grate area of 
635 sq.ft. Fig. 5 isa view of part of the boiler room after 


the alterations. The conveyor housing is at the left. 


THE ENGINE ROOM 
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FROM THE LOW-PRESSURE TURBINE END 


The forced-draft equipment consists of seven turbo- 
conoidal fans, one supplying each boiler. One = reéntry 
turbine is provided for each two fans. This arrangement 
is shown in Fig. 6. The speed of the unit varies from 
1.200 to 2400 rpan.. according to the demand for air 
in the boiler furnace. The turbines are equipped with two 
nozzles, one of which has almost twice the capacity of the 


other. TPhis gives three different operating speeds, the 

















LOOKING INTO THE PUMP WELL, 48 FT 


HIGH-PRESSURE TURBO-GENERATOR UNITS 
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FIG. 4. PLAN VIEW OF THE 


highest being obtained with both 
termediate speeds being obtained 
singly. 
sure to each turbine being regulated by the nozzle valves 
on the turbine. The steam supply for the stokers and 
fans is taken from the same header. The fans are in the 
basement under the firing alley in front of the boilers. 
This alley is about 22 ft. wide and gives 


nozzles wide open, i= 
by emploving nozzles 
The control of the air is by hand, the steam pres- 
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WHEELING POWER PLANT 


first passes over the crusher in delivering the lump coal! 
and then by suitable sprocket wheels the conveyor travels 
back under the crusher and discharges the coal into ‘a 
chute that directs the crushed coal upon the elevating 
bucket conveyor. 

The bucket elevator is inclined so that the discharge 
end will be at the middle of the boiler room. After being 





ample room in which to repair the fans 
and turbines. The forced-draft equip- 
ment is liberally designed and when 
operated at its maximum capacity will 
force the boilers to 500 per cent. rating. 
It is not intended that the boilers will 
ordinarily be operated at over 200 per 
cent. rating. 

The plant is laid out for an ultimate 
installation of three steel stacks, each 
of which will take care of about 1,600 
hoiler-horsepower. The two stacks now 
in place are each about 84 ft. in di- 


ameter and 140 ft. above the boiler- 





room floor, 

Cheap coal is brought into the plant 
on a spur from the Pennsylvania Lines 
from near-by mines. The coal-hand- 
ling apparatus is shown in’ Fig. 
a section through the plant which also 
outlines the elevator and conveyor de- 


« 
4, 


sign. 


The coal is dumped from drop- 








bottom cars into a concrete hopper and 


FIG. 5. 


delivered to a scraper conveyor by a 
reciprocating feeder. The scraper con- 
veyor carries all lump and large-sized coal to a single-roll 
crusher. The slack is sifted by the scraper conveyor in 
passing over a stationary screen. 

An ingenious idea has been applied in the handling of 


the eoal to and from the crusher. The scraper conveyor 


VIEW IN FRONT 


CASING 


OF THE BOILERS, CONVEYOR 
AT THE LEFT 





elevated the coal is distributed by a shuttle convey 
driven by a 3-hp. 650-volf d.-c. motor; the longitudi 
movement of the shuttle is by hand and controlled b) 
conveniently located hand-winch. The coal is crushed 


to such fineness as will pass through a 11/4-in. screen. 
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Lees than 1 in. is sifted out through a flat screen, reliev- The boilers are set over deep concrete ashpits having 
ine the crusher and thus increasing its effective capacity. rolling doors on the bottom. The ashes are removed 


). coal is stored in an unlined plate-steel overhead = by the Wheeling Traction Co. in bottom-dump cars and 
huaker. ‘The maximum amount of coal to be stored per are used for ballast on the car lines. These ash cars are 
switched immediately under the pits 
and the ashes dumped into them. 





Two units only are at present 
equipped with surface condensers. Since 


the exhaust from the engines is con- 


ees sumed in the low-pressure turbine, with 


which a jet condenser is connected, this 








condensate is lost. A large amount of 
makeup water is therefore required, and 
on account of the unsatisfactory qual- 
ity of the river water, the lability of 
much trouble with the boilers, from cor- 
rosion and the formation of seale, con- 
tinually confronts the operators. At 
seasons of low water when mills up- 





stream are working at full capacity, 
it is difficult to keep the boilers in 
service owing to the increase of acid in 
the water. To cope with the problem, 
a water-softening system of the “im 





termittent” type, having an hourly ca- 
pacity of 16,000 gal., was installed. It 
is housed in a brick-concrete building, 











the filtered water discharging into a 
FIG. 6. THREE-SPEED TURBINE DRIVING FORCED-DRAFT FANS large concrete clear-well under the 
building. An interior view of the plant 

lineal foot is about nine tons. The bunker is sealed with the fillers in the foreground is shown in Fig. 8. 





by a partition wall, to keep dust from the boiler room. The softening plant has successfully neutralized the 

The capacity of the coal-handling apparatus, which is — river water and has also removed all of the scale-forming 

motor driven, is 75 tons per hour. salts and other matter. After the boilers had been op 
\ 4 
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erated three months, they were opened, and found free 
from scale. The water is pumped from the clear-well to 
a tank on the roof by two reciprocating steam pumps, 
either of which has sufficient capacity for the service. 
From Fig. 9, the flexibility of the water-supply system 
will be apparent. The condensate from the turbine con- 
densers is pumped to the heater and the makeup-boiler 
supply is drawn from the tank on the roof, the water in 
the heaters being maintained at a constant level. The 
gland-water supply and all house service, including cool- 
ing water for taken this same 
The two boiler-feed pumps are of the outside 


transformers, are from 
source, 
packed, plunger type, which were part of the equipment 
of the old plant. 

The plant has automatic boiler-feed regulators with by- 
pass of the constant-flow type. 


Turbine AND ENGiIne-Room Equipment 

The turbine units are on concrete bases at a height 
about Tt ft. and about 4 ft. 
above the maximum high-water The walls of the 


so that the plant can run 


above the basement floor 
level. 

engine room are waterproofed 
at all stages of the Cooling water for the con- 
densers pumped by two 12-in. centrifugal pumps in 
the bottom of the dry-well, Fig. 2. the inside diameter 
of which is 25 ft. and the depth 18 ft. The water is 
pumped into a common pressure pipe and distributed 
to the various condensers. 


river, 


The discharge from the con- 
densers is collected in a common discharge pipe, the end 
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The electrical installation consists of two 
steam-turbine-driven generators, Fig. 3; one 1,875-h 
low-pressure turbo-generator ; two 500-kw., 600-volt, d. 
svnchronous motor-generator sets; four 250-volt, 150-k 
railway boosters; two 600-kw., direct-connected rail\ 


1,500-k 














FIG. 8. 


PARTIAL 


VIEW OF THE 
PLANT 


WATER-SOFTENING 


eenerators, and one 850-kw., direct-connected railway gen- 
erator. All of the turbo-generators and motors are star- 
connected, and the turbo-generators have the neutral 
grounded, 

The 2,200-volt busbars are mounted on pipe framework 
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of which is sealed at a little above pool stage, thus estab- 
lishing a circulating “* 
head on the pumps. From the river water at pool stage 
(when the wickets in the dams alone the river are raised 
during the dry se: the top of the condensers is 
12 {t. 

It is the intention 


loop,” and so reducing the working 


sons) to 


to operate the engines on the rail- 


way load, the three turbo-generators being alternating 
current. The power generated by these units will be 


transformed to 22.000 volts and delivered 
pany’s transmission system. 


to the com- 


the other operating in parallel with the high-tension svs- 
tem carrying the light and power load. When operating 
as one unit. the motor-generator float 

power 


between tli 
either wa) 


sets 
d.-c. and the a.-c. systems, supplying 
as required. 

The 22,000-volt busses are mounted on pipe framework 
above the automatic oil switches. 
have been installed for these 


a special method has been arranged for 


Disconnecting switclics 


sectionalizing busses, 
jumping and 
switches for 
Without interrupting the service. 


disconnecting oil inspection or repal! 


Low equivalent lig 
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ning arresters are on incoming and outgoing high-ten- 
lines. 

(he exciter system is supplied by direct-connected ex- 
citers on each of the turbines. These exciters are operated 
in parallel in connection with the regulator which main- 

ns the station voltage. The exciter busses are near the 

00-volt busses, and all switches and rheostats are re- 
mote, electrically controlled from the switchboard. A 
voltage regulator on the motor-generator exciter system 
supplies power-factor correction from the motor-generator 
sets, all of which are designed for 80 per cent. power 
factor at full load. 
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The railway boosters consist of two 150-kw. 250-volt 
d.-c. generators, directly connected to one 435-kw. syn- 
chronous motor. These generators have shunt and series 
fields so that they may be operated either as two inde 
pendent railway boosters or as one 150-kw. 500-volt rail 
way generator. Switching arrangements allow for chang 
ing from boosters to generators. These machines are 
usually operated as boosters during the heavy railway 
ioads and as motor-generator sets on the lighter loads. 

There are three 2,000-kw. water-cooled transformers. 
connected star on the low-tension side and delta on the 
high-tension side. They are standard 2,510-23,100-volt 


PRINCIPAL EQUIPMENT OF WEST PENN COMPANY POWER HOUSE, WHEELING, W. VA 


No. Equipment Kind Size Use 
» Turbo-generators.. Single, double-flow, 


separate casing.. 1,500-kw . Main generators... 


Operating Conditions Maker 


1,500 r.p.m., 150 lb. steam, 2,700 volts, 


{ Westinghouse Mach. Co 
3-phase, 60-cycle 


Westinghouse Elec. & Mfg. Co 
150 lb. steam, non-condensing, 90 r.p.m. C. & G. Cooper Co. 
90 r.p.m., 1,000 amp., 550-600 volts. . Bullock Electrie Co. 


150 Ib. steam, non-condensing, 75 r.p.m. C. & G. Cooper Co 


2 Engines ++. Cora 32x48-in Driving railway gener- 
ators 
2 Generators... .. . D.-c. engine-type.. 600-kw Railway service, engine 
driven 
1 Engine. ...... Reciprocating Cor- Driving railway gener- 
liss. . . 34x60-in ator.. 
1 Generator......... D.-e., engine-type.. S00-kw Railway service, engine 


driven 


1 Turbo-generator Mixed-pressure tur- 1,875-kv.-a., 37.5 


75 r.p.m., 1,322 amp., 605 volts Westinghouse Elec. & Mfg. Co 
Exhaust ste am, l, 800 r. p.m. ay denny ) Westinghouse Machine Co 


and exeiter. ..  binea.-c.andd.-c. kw Main unit 3-phase, 60- cycle 8, exciter d.-c. gen. } Westinghouse Elec. & Mfg. Co 
gen. 125 volts ame ; } 
2 Condens rs ... Surface.... 1,000 sq.ft With 1,500-kw. turbines ... Alberger Pump & Condenser Co 
1 Condens:r. phd a NR Su seacce rlane No. 17 With low-pressure tur- 
ee Westinghouse Machine Co 
1 Turbine = Single runner... . Driving Leblane con- 
denser pumps... . 1,000 r.p.m., 150 Ib. steam Westinghouse Machine Co 
1 Pump Mullan, Sif... ... 10x26x14-in With surface condensers 100 r.p.m C. H. Wheeler Mfg. Co. 


2 Motor-generators.. Ry. boosters and Motors 425 hp., Each motor drives two 2,300 


volts, 113 amp., 600 r.p.m., 3- 


motor-gen. sets. . gen. 150-kw ry. boosters. Can be phase, 60-eyele, d.-c. 250 volts, 600 
operated as two boos- = amp Allis-Chalmers Co 
ters or as one genera- 
ator 
2 Motor-generator. A.-c. motor, d.-c. 2200 volts, 270 r.p.m., 3-phase, 60-cycle, 
generator.. . S2-ee..... Railway service d.-c. 600 volts, exciter 125 volts Westinghouse Elec. & Mfg. Co 
7 Boilers Stirling, water-tube, 4-550- Hhp., 3- 350- 
five drum.... hp.. Steam generators 150-lb. pressure Babcock & Wilcox Co 
7 Stokers. . Underfeed .. Geatt. Boiler furnaces Forced-draft Combustion Engineering Corporation 
7 Fans, blowers Conoidal.. . . No. 4 For forced draft to fur- 
naces.... 1,200 to 2,400 r.p.m Buffalo Forge Co 
5 Turbines Three-speed Driving forced-draft 150 Ib. steam, 1 lb. back-pressure, 1,200- 
fans. 2,400 r._p.m Westinghouse Machine Co 
1 Heater... Feed water He: ating boile r feed wa- 
ter Exhaust steam from auxiliaries Warren Webster Co. 
Crane, Cleveland Crane & Car Co 
1 Cran Travelling 30-ton In turbine room. 5 hp. motor, carriage, one bridge motor Motors, Westinghouse Elec. & Mfg 
Co. 
2 Pumps Circulating. .. 12 in., 4,000 gal. In pump -” station : 
per min supply. Motor-driven, 50-ft. head, 915 r.p.m Allis-Chalmers Co. 
2 Motors Direct-current . -hp Driving cire. pumps 960 r.p.m., 600 volts Allis-Chalmers Co 
1 Pump Vertical, centrifugal 500 gs il. per min.. With filtered-water sup- 
| Motor-driven, 1,155 r.p.m Reineke-Wagner Pump «& Supply Co 
1 Motor Vertical type... 15-hp Driving vertical centrif- 
ugal pump... 1,155 r.p.m., 220 volts Westinghouse Elec. & Mfg. Co 
1 Starter Ne aa’ Gn ones iata Wa ece With 15-hp. motor 220 volts Westinghouse Elec. & Mfg. Co 
1 Motor-pump.. D.-c. and centrifu- Motor, General Electric Co 
gal. j-hp............ Softening solution.. 650 volts, 1.35 amp., 725r.p.m Pump, Henry R. Worthington 
2 PUMPS scs000 Duplex, center 
packed... 14x8}x18-in..... Boiler-feed......... Variable-speed.......... Snow Steam Pump Co 
D RUE 6 ase dic 0 . Bimplez....... 10x9x12-in...... House service....... Variable-speed......vsceercess. Union Steam Pump Co. 
fy . Dupiez...... 6x5} x6-in.. —. i 2p iecicoenia Alberger P. ump & Condenser Co. 
1 Crusher. . - Single roll... . 24x% 30- -in. Crushing coal 75 tons per hr...... Pennsylvania Crusher Co 
1 Motor . Direct-current..... 30-hp bs ais aa sbe . Driving cool crushe Tr Intermittent, 650 volts, 975 >r.p.m Westinghouse Elec. & Mfg. Co 
1 Conveyor Seraper. . 30x12-in., 75-ton 
per hr... . Coal to crusher Intermittent, motor-driven Dempey-Degener Co. 
1 Conveycr.... Bucket 20x11}x10-in., 
75-ton per hr.. Coal to belt conveyor. Intermittent, motor-driven Dempey-Degener Co 
1 Conveyor.... Shuttle, belt 18-in., 75 ton per 
ee Coal to bunker Intermittent, motor-driven ; Dempcey-Degener Co. 
| Motor Direct-current 15-hp Drives bucket eénveyor Intermittent, 650 volts, 20.4 amp., 825 
r.p.m... Westinghouse Elec. & Mfg. C« 
P OM ova ccc Direect-current 5-hp Drives shuttle convey- Intermittent, 650 volts, 7 amp., 1,200 
or ee eee Allis-Chalmers Mfg. Co. 
1 Compressor....... Ait 10x 10x 10-in Station use Intermittent....... Ingersoll-Sargent Drill Co 
1 Compressor...... Air 12x12x14-in Station use... Intermittent......... Stillwell, Bierce & Smithvale Co 
| Softener... eer Water 16,000-gal Softe sning boiler- feed 
, water..... Intermittent.......... Pittsburgh Filter Mfg. Co 
' Compressor....... Air....... 43x4}-in Agitating w: ite r to be 
- filtered... Intermittent, motor-driven Clayton Air Co 
L Motor. eee Direct-current 3-hp... Drives compressor 1,575 r.p.m., 650 volts, 4.15 amp General Electric Co 
> Transformers 


.. Water cooled 2,000-kv.-2 Main step-up..... 
1 Transformer...._. 15-kv.-n 


& House lighting... 
> Regulators.... Induction 22-kw.. Line, regulation 
\ 


Motors Alternating current 


2,200-22,000 volts, single-phas¢ 

,.200 volts to 220-110 volts 

2,200 volts primary, 100 volts secondary, 
amps. 10% regulation 


Allis-Chalmers Mfg. Co 
Westinghouse Elec. & Mig. Co 


te 


Westinghouse Elec. & Mig. Ce 


With induction regula- 1,200 r.p.m., 220 volts, single-phase, 6- 


' tors evele Westinghouse Elec. & Mifg. Co 
‘ lays On regulators 110 volt, 60-eycle Westinghouse Klee. & Mite. Co 
) vitches Oil cireuit-breakers Electrically operated, 2,200 volts, 900 
amp Hartman Circuit Breaker Co 
“witches Oil cireuit-breakers Klectrically operated, 2,200 volts, 3,000 
: s amp Hartman Cireuit Breaker Co 
~ Switches Oil circuit-breakers Electrically operated, 2,200 volts, 600 
. amp : Hartman Circuit Breaker Co 
~ Switches Oil cireuit-breakers Mlectrically operated, 2,200 volts, 200 
) : amp Hartman Circuit Breaker Co 
switchs Oil cireuit-breakers Klectrically operated, 2,200 volts, 100 
»S amp Hartman Circuit Breaker Co 
Starter Auto For 425-hp. motors 2,200 volts, 100 amp. Westinghouse Elec. & Mig. Co 
starters Auto For 720-hp. motors 2,200 volts, 300 amp Westinghouse Elec. & Mfg. Co 
Pransfor:ers . 5-kv.-a Auviliary power 2,200-1,100 to 220-100 volts, 54-140 ey- 


cles Westinghouse Elee. & Mig. Ce 
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transformers and are tapped for 1,340 volts on the low- 
tension side with 5 and 10 per cent. taps on both the 
high- and low-tension windings. 

With a star-connected secondary, 2,310 volts applied 
vives 4,000 volts on the low-tension winding and 23,100 
volts on the high-tension side. These transformers are 
operated with the secondary grounded, so that service 
may be interchanged with the Wheeling Electric Co., 
which operates a 4,000-volt, star-connected, grounded 





No. 24 


neutral system in Wheeling. These transformers act as 
an auto-transformer between the Wheeling Traction ( 
and the Wheeling Electric Co.’s lines. 

This work was carried on under the direction of W. &. 
Moore, general manager, and was superintended by J. s. 
Jenks, assistant general manager of the West Penn Ty: 
tion Co. with G. G. Bell as mechanical engineer, J. 
Thomas as clectrical engineer, and J. M. Hopwood 
superintendent of construction. 


Shop and Acceptance Tests of 
&o0,000,000-Gal. Pump 





SY NOPSTS—T io tests of a turbine-driven cen- 
lrifugal pump the results of which cheek within 


25 per cenl, 





During the summer of 1913 Cleveland’s demand for 
water was at times in excess of the capacity of the Wirt- 
land station pumps, and while the reservoirs had sufficient 
reserve capacity to take care of the peak demands, C.F. 
Schulz, Commissioner of Water, decided to install tempor- 
arily a 25,000,000-gal. pumping unit at the Kirtland sta- 
tion. As the pump was to be moved after two years 
of operation, a turbine-driven centrifugal unit was the 
only type considered, as the size, weight and cost of dis- 
mantling and reérecting a reciprocating engine would 
have been excessive when compared with the centrifugal 
type of unit. 

Two pumps connected in series, driven through reduc- 
tion vears, were selected on account of the increase in 
cfliciency of this arrangement over the single gear-driven 
pump or the direct-connected single- or multi-rotor pump 
for a head of 250 ft. The unit will pump against this 
head when installed jater at the Division Avenue sta- 
tion. 

Although bids were received on 25,000,000-gal. units, 
it was decided to equip the pumps with 30,000,000-gal. 
impellers, as the turbine, reduction gear and pumps 
were of ample size and the De Laval company, which 
was awarded the contract, offered to do this without addi- 
tional expense to the water department. 

The principal dimensions, weights and other data of 
interest of the turbine, pump, reduction gear and conden- 
ser are given in Table 1. 

The turbine is built with 13 pressure stages, the first 
pressure stage having two velocity stages. The shaft 
of the rotor is of such large diameter that it does not 
pass through the critical speed within the working range 
of the turbine. 

The reduction gear operates very quietly, not only 
hecause of the accuracy with which the gear and pinion 
are cut and lined up, but also because the full-load tooth 
pressure of 300 Ib. per in. of face and the pitch-line 
speed of 6,070 ft. per min. are quite moderate for gears 
of this type. 

The pump impellers are made of government bronze. 
They are equipped with wearing rings of the labyrinth 
type, intermeshing with corresponding stationary rings 
in the casing. Rings of this type reduce the leakage 


between the impeller and pump casing to a small amount 
without the use of very small clearances. 

The condenser is of the water-works type and has built 
into it a condensate or primary heater which has a heat- 
ing surface of 140 sq.ft. This condensate heater is o| 
special value in a water-works type condenser, as installed 
at Kirtland station, as the temperature of the cooling 
water for six months of the year averages less than 10 


TABLE 1. DIMENSIONS AND GENERAL DATA 
Turbine Data 


Brake horsepower of the unit at rated pump 


capacity and 206 ft. total head..........cc.eseee 1,350 
Revolutions per minute at full load.............. 3.510 
MMOS GE SCRMOCE ON CUFDING 0.2.0.5 ooc ccc cccwsccee 13 
Net weight of turbine without bedplate, Ib....... 28,000 
Floor space required by the entire unit, ft....... SONT 


Reduction Gear 


I oss enhanc vas us, © 3.0.82) ees BGS Aaa RS Double helical 
We imte Gf TACOS OF MOATH, 191... 26s kc ckccdcccucess 24 
Pacem Giamerer OF MIMION, 1M............00ss0000cee5 6.6 
PROG Genmeeeer Of BEAT, 17... . ni. cc ieicccssacccces 39.4 
a MUN So ig nie Pai Geb vile: SG. hk 0a, arce verges) Glace ete ltot 
IPO? BNIS OF COOEN, GOs. co ccicccdasvawceececes 15 


Net weight of reduction gear without bedplate, Ib. 23,000 
Pump Data 

Rated daily capacity of pumps against 206 ft. 

I I rN on oe ae aS gic chanag uk aries & bw <x 

Number of pumps connected in series........... 

tevolutions per minute at full capacity.......... DSO 

Diameter of suction and discharge nozzles, in.... 24 


30,000,000 


Net weight of pump without bedplate, Ib....... 26,000 
Condenser and Condensate Heater 
i, a a cin ew ee, ee E, Ce. 
SPRUE CT QM. Bh. oak ce cc as kee awe be oes O25 
Re ENE OEE OO ides essdvdeossravccweans 10 ft. 9 in 

Pam GN ANION, BIR. oo oec ss ceed nanseavecndaun ] 
ee EE SRI 05515, a esaicw IB wa 6k iw a6 Sw ws wwe? Ow ak 10 ft. 11 in 
a ee a Hod 
Square feet of cooling eurface.........cccccccccs 2,120 
Net weight of condenser complete............... 21,000 
Bedplates 

Net weight of turbine bedplate, Wb... ........<6000. s,000 
Net weight of main reduction-gear bedplate, Ib... 3,S00 
Net weight of pump bedplate, Ib................ 3,500 
Total weight of unit (not including condensers, 

Ey Ee dae See Wale A Re 6 aiG0 44 ba WOR ED ROE OR 91,100 


deg. F.; and since the unit runs at approximately full 
capacity when in operation, the 50,000,000 gal. of water 
passing through the condenser tends to cool the conden 
vate to a much lower temperature than is desired and thi 
condensate heater helps materially to bring the tem 
perature of the condensate back to within a few degrees 
of the vacuum temperature. 

The air pump is of the reciprocating dry-vacuum type. 
A float in the condenser controls the speed of the duples 
hoiler-feed type condensate pump. 

Fig. 1 shows the unit erected in the shop ready [01 
the full-capacity duty test. 

The pump at the left takes its suction from a 60,000 


eval. conerete tank over which it is erected. Tt dischare' 
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this water through the series connection into the pump 
at the right, and this pump discharges the water through 
the venturi meter and a gate valve used to control the head 
against which the pumps work, back into the tank. Ow- 
ine to the design of the tank and to the fact that a ven- 


TABLE 2. SHOP TEST OF 30,000,000-GAL. DE LAVAL 


PUMPING UNIT, JULY 7, 1914 
General Data 
L eeeetth. We - eS kk a o a oe ace aw ew sebum 30 
Steam pressure above throttle, lb. gage.......... 143.4 
Steam pressure below throttle, lb. gage.......... 134.5 
Vacuum at turbine exhaust nozzle, hg. in......... 26.8 
Atmospheric pressure by barometer, hg. in...... 29.9 
Vacuum at turbine exhaust nozzle corrected for 
ee ee eee 26.9 
Suction lift at center line of pump, ft............ 15.6 
Discharge pressure at center line of pump, ft..... 176.2 
Total head on pump, including suction lift, ft.... 191.8 
Rate of pumping as measured by venturi meter 
MmAROOGE. WOE. WOR MIR... kn kc ck ks ssc cesanucs 20,100 
Rate of pumping as measured by venturi meter 
mamemeuer, BOs DOF GOs nc cskisccccsscsisicnees 28,940,000 
Pounds of water pumped per minute............. 167,634 
Calorimeter Data 
Temperature of steam in calorimeter, deg. F..... 268 
Pressure if CAlOrimeter, NW. 1M... 6 cscs ce csicecces 8.2 
Pressure in calorimeter, Ib. abs... .... 2.5 .cccccce 18.75 
Moisture th GEOR, MST CONE... 0.0.6 ccs sccweness 2.07 
Condensate 
Total condensate Gufing tent, Th... .... 0 cccsacni 8,308 
Total condensate per hour, including auxiliaries, 
Sk. kat eae Sa 4 PMR Reo o'G Raw bs One 46 eg ee Ole 16,616 
Duty 
Average work done per minute during test, ft.-Ib. 32,157,000 
Averame Water ROTSOPOWer?r.. .. 2... cccccpceccener 974.4 
Duty per 1,000 lb. of wet steam, ft.-lb............ 116,100,000 
Corrections 
Correction for 150 — 143.4 6.6 lb. difference he- 
tween actual and specified steam pressure, as- 
suming 1 per cent. for each 10 lb., per cent..... 0.66 
Correction for 2.07 per cent. moisture, assuming 
a correction of 2 per cent. for each 1 per cent. 
GE TWAMUNUIPG, WOT CORT. iv ccicc ccccccsscgeessewcws 4.14 
Correction for 28.5 — 26.9 = 1.6 in. of mercury 
difference in vacuum between actual and speci- 
fied, assuming 8 per cent. for each inch of 
nk ee ee eee ae ee ere eee 12.80 
Correetion for 100 deg. superheat, allowing 1 per 
cent. for ench 10 Gem., per Cent... . cc csvrsceicoss 10.00 
Total COFPOCtION, HEF. COMEiic.. ow ices sees ser 27.60 


Corrected Duty 
Duty per 1,000 lb. of superheated steam, corrected 
for vacuum, superheat and pressure, ft.-lb.....148,140,000 
iurl meter was used instead of a nozzle, no trouble was 
experienced with aération of the water. 
When a large volume of water is cireulated through a 
tink holding only 60,000 gal., the use of a nozzle for meas- 

















FIG. i. 


PUMP AS ARRANGED Fort SHOP TEST 

‘ng the quantity pumped is not practical for runs of 
Y considerable length, on account of the rapid aération 
' the water, but the use of a venturi meter allows the dis- 


harge pipe to be submerged a considerable distance 
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helow the surface of the water, which entirely prevents 
trouble from this source. 

All instruments used in making the test were carefully 
calibrated. The principal results of the shop test are 
given in Table 2. 

The fact that the duty obtained on this test checked 
within 24% per cent. of that obtained on the official test 








FIG. 2 


PUMP AS ARRANGED FOR ACCEPTANCE TEST 


after installation, in spite of the very considerable differ 
ence in quantity of water pumped, total head and steam 
conditions, indicates that the corrections used for vacuum, 
moisture and superheat are very nearly correct for this 
type of turbine. The amount of 
given at the end of Table 2. As the turbine and pump 
efliciency curves are quite flat for a considerable range 
each side of full load, about the same duty should be 
expected on both tests in spite of the fact that the unit 
worked under a load of 974.4 water hp. on the shop 
test and 1,120 water hp. on the official duty test. 

A shop test like the foregoing is of value not only be 


these corrections is 


cause it assures the purchaser that the unit will meet 
the manufacturer’s guarantees before it is shipped, thus 
doing away with the undesirable complications that arise 
after installation the manufacturer cannot meet 
his capacity or efficiency guarantees without changing 
pump impellers, turbine nozzles or such like, and thus for 
ing at least part of this expense and loss of time on the 


when 


purchaser, but it also gives the manufacturer an opportu 
nity to test out the design and construction of the ap 
paratus under the direction of his engineering and shop 
experts and allows the remedy of practically all defects 
before the unit is shipped to the customer, whereas in 
many cases where shop tests are not made, the unit. is 
tested and erected by an erecting engineer or roadman 
who is not interested in the details of design or con 
struction and whose main idea is to get the unit going and 
turned over to the purchaser as Sool) as possible. 

Fig. 2 shows the unit installed in the temporary engin 
house where it has now been in operation over a year. 
The water-works type of condenser was not Installed below 
the turbine, as this would have been an unnecessary ex- 
pense for this temporary installation. 

After installation the unit was operated 
weeks to give it a thorough try-out before the official 
The results of the duty trial 


for several 
acceptance test was run. 
are shown in Table 3. 
The water discharged by the pump was measured by 
two venturt meters, a 36-in. and a 48-in. The registers 
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of these meters can be seen by the window at the right 
in Fig. 2. On the duty trial the readings of these meters 
checked within 44) per cent. of each other, and since there 
is quite a difference in their size, the fact that they checked 
so closely with each other and also with a meter of still 
a different size on the shop test would indicate that they 
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KIG. 38. ARRANGEMENT FOR CONDENSING AUXILIARY 


EXHAUST AND WEIGHING CONDENSATE 


measured with very little error the water passing through 
them. 

The condensate was weighed in two tanks on calibrated 
seales after it had been heated by the exhaust steam 
TABLE 3. RESULT OF DUTY TRIAL ON 30,000,000-GAL, 


DE LAVAL PUMPING UNIT NO. 1, KIRTLAND 
PUMPING STATION, CLEVELAND, OHTO 


Ne BURNS i ce coy Cocscr bree ce hichys yo 06 Shares -& Leeuce mc Sane Rr Cele Dec. 22, 1914 
erin Or GRAY, Diis ici. cenwid cease waemenwain ” 
Average Vressures 

Atmospheric pressure by barometer, lb........... 14.37 
Steam pressure at throttle, Ib. wawe ....ccccesece 149.9 
Steam pressure at throttic, 1D. abs. ...cccccciccs 164.3 
Steam pressure at nozzles, Ib. gawe .......-csece 144.6 
Vacuum in condenser (corrected), in............. 28.47 
Water pressure at discharge nozzle of pump, ft... 188.1 


Suction lift at center line of pump, ft 


ah 


otal average head on pump, including suction 
See Sune OARS NONE, Waa os scale slots wv 6b oS Sale ce enb horas 209.9 
Average Temperatures 
Average temperature of water leaving condenser, 
NE. REP RR er oa eer be ey eters ee, Or Cnr eae 38.0 
Temperature rise through condenser, deg. F 3.0 
Average temperature of condensate leaving con- 


[WOMERTC. REATOT, GER. Bi. cckice oc cca dwswice as $2.0 
Average temperature of condensate at weighing 

tanks after being heated by auxiliary exhaust, 

NE FF ra hk es 6 aire tee ca a Bowe RI TNR ay Ee adel Dia Scae a. ae 102.2 
Average temperature of steam at throttle, deg. F $40.3 


Quality and,Quantity of Steam 
Superheat in stenim supplied to turbine and 
MNT, UO Bg ola a5 9 ale Kaen anaes id ek wake 74.6 
Total steam consumption per hour of turbine and 


INTER  UR Soo ih ah bine areas eiaublele 6145 abo See 14,998 
Equivalent total heat consumed by turbine and 

auxiliaries per hour during trial, thousand B.t.u. 17,409 

Pumpage and Work Done 

Average revolutions per minute of pump........ 580.2 
Average rate of pumping during trial by venturi 

meter manometer, million gal. per day........ 30.38 
Total work done by pumping unit per hour, 

PS TROON | <a: 9 05 6 tosh s6 atin. Oe BW Kur erere einer acuite fant 4 2.218 
See. SEG TO 6 ik apn ee eee bene Rae ee BAe OO 1,120.4 
Duty 
Duty per million Bt.0., Th<ieciic.c coca ce esiccawe ean 126,780,000 
Duty per 1,000 1b. superheated steam, ft.-Ib....... 148,120,000 
steam per actual water hp. per hr... Ib.......6... 13.37 
‘TMOrMaAl ECMCIENCY, POF COMET. . 0.0 shar cas caine acee ee 16.3 

Duty per 1,000 Ib. steam corrected for 100 74.6 


25.4 dex. of superhent to compare with shop 
arenas AMEN. --. on 6,’ sarlnsas irolLt le wiivaaehulaa eGR eines 


TABLE 4. 


eats 151,900,000 
TEST AND GUARANTEED DATA 
Specified and Results 
Guaranteed Obtained on 
Data Duty Trial 


Pumpage rate, gal. per day of 24 hr. 30,000,000 30,380,000 


Suction lift to center line of pump, ft. IS 21.8 
OUR L THU, Beis 650 sss 5 arian anda ne 206 200.9 
Steam pressure, Ib. gage... ll... ae 150 149.9 
Buperheat, Gem. Fin occ cucccccswce 100 74.6 
Duty per 1,000,000 B.t.u.. ft.-Ibo. 2... 115,500,000 126,780,000 
Duty per 1,000 1b. of steam, ft.-lb... 186,500,000 148,120,000 


from the turbine and the dry-vacuum and condensate 
pumps. 

The method of condensing the auxiliary exhaust steam 
is shown in Fig. 3. 

The vacuum in the condenser and the suction lift of the 
pump were measured with mercury columns, All other 





readings of pressure were taken from gages calibrated wit 
a dead-weight gage tester. 

A comparison of the principal results of the test a: 
the guarantees made are given in Table 4. 

The guarantees were made on the B.t.u. basis. A 
steam supplied to the turbine and its auxiliaries \ 
charged against the unit. but the unit was credited wii 
all the heat above 52 deg. k., that was returned to 1 
weighing tanks by the auxiliary exhaust steam and. tu 
hine condensate, as this was available for boiler-fe 
water. 

No bonus was given the contractor for exceeding 1 
euaranteed duty, which was as high as that of any « 
the other bidders and was capitalized on the basis o 
8500 for each million foot-poiwnds and the capitalize 
value applied to the prices bid on the unit im awarding 
the contract. 
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Two More “Foo. Stunts” 
An engineer (7) who was told to mix putty and 
red dead and stick a little of it on the piston and_ roll 
the engine over to determine the clearance, took thi 


evlinder head off and carefully painted the piston red, 


put the head back on and ran the engine all night, but 


next morning he did not know any more than before 


what the clearance was. 
to find, 
An engine with a Sweet valve leaked some, and the en 


It is not clear what he expected 


eineer wanted to let the pressure plate down two or thre: 
thousandths of an inch. To do this he used a cold chisel 
and hammer to cut away the pressure plate where it 
Words fail 


rested on the shoulders in the steam chest. 
me!—Harry D. Everett, Washington, D. C. 


Laben Ir ris Is a Dynamo” 

While a shift engineer in a 5,000-hp. traction plant. 
the chief introduced me to Professor - who was then 
lecturing on electricity at one of the town’s schools. 

I was told to show him round and explain everything 
very fully; so [took him over to the engines, explaining 
the different types of valyi 
gears: then to the swite! 
board, and in turn to tli 
dynamos, mounted on tli 
shaft between the high- and 
low-pressure engines, and a- 
fully as I 
them to him. 

After 
boilers, explaining the actio! 


knew explained 
showing him tli 


of mechanical stokers, econ 
mizer, ete, I said: “No 
we'll go and look at the cai 
repair department.” There 
upon he tapped me on tlic 
shoulder and said: “Wait 

Show me now, will you, where \ 

generate the electricity.” 1 told him that we had jus! 
come from the engine room where he had seen t! 
dynamos. 


PROFOUND THOUGHT 


bit, young fellow. 


I didn’t realize it. 
Come back, ?m going to have another look.” So it wa- 
the whole place over again.—H. Baron, Stettler, Alta. 


“Were those the dynamos ? 


Fea neo 


ein 


SATE ONRS 55, 
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leating by 


SY NOPSIS—The article shows graphically the 
comparative amounts of heat thrown away when 








an engine ts run condensing and the rejected heat 
allowed to go off in the overflow from a condenser, 
or when the engine ts run noncondensing and more 
or less of the heat in the exhaust is applied to use- 
ful purposes. 





In the accompanying diagram vertical distances are 
proportional to absolute temperatures and areas are pro- 
portional to quantities of heat. 

Starting with a pound of water at 32 deg. F. = 492 
abs., and raising it to 360 deg. F. = 820 abs., there are 
put into it 331.9 B.t.u., represented by the area ADILA. 
At 360 deg. (153 Ib. absolute) the water boils, and 
861.8 B.t.u., represented by the area DEIITD, are taken 
up in its evaporation to dry saturated steam, the temper- 
ature remaining constant along the line DE, which is 
made of such length that the area under it will represent 
the heat of evaporation L, 861.8 B.t.u., to the same scale 
that the area under the curve ) represents the heat of 
the liquid h. This length DF is proportional to the 
entropy of evaporation at that temperature, the length 
of the line PD to the entropy of the liquid of the same 
temperature, and the length of the line PF to the total 
entropy of dry saturated steam at 360 deg. The values 
of all these entropies for different pressures and temper- 
atures may be found in the steam tables. 

The total heat necessary to make a pound of dry satu- 
rated steam at 360 deg., out of a pound of water at 52 
deg., is then 331.9 + 861.8 = 1193.7 
by the area ADEIILA. 

Suppose the steam is worked in a condensing engine 
or turbine between the limits 360 and 100 deg. The 
utmost that could be converted into mechanical energy by 
an engine of 100 per cent. efficiency would be the heat 
represented by the area BDEGB; the rest, represented 
by the area BGITKB, would go out (radiation neglected ) 
in the exhaust. 

The area ABKLA is out, because it is assumed that 
feed water of the exhaust temperature can be had, so 
that the reheating process starts at 100 deg. B instead of 
32 deg A. 

The utmost efficiency of the cycle, even with 100-per 
cent. apparatus, would be 

BDEGB 1193.7 — 67.97— 805.34 
BDEHKB 1193.4 — 67.97 


B.t.u., represented 


= 28.46 percent. 


The heat put in (the denominator) is proportional to 
the area BDEHKB, which is less than that of the whole 
rea down to the 32 line by the area ABA LA, proportional] 
to the heat of the liquid at 100 = 67.97. 

The heat converted into work (the numerator), pro- 
portional to the area BDEGB, is determinable by sub- 
tracting from the heat represented by the whole area 
AVEHLA that represented by the area ABA LA and that 
represented by the rectangle BG// KB. The length of the 
latter is BG = NG — NB; the line NG is proportional 

the total entropy of steam at 360 deg. F. = 1.5676: 
\B to the entropy of the liquid at 100 deg. = 0.1295: 
LG to their difference, 1.5676 — 0.1295 = 1.4381; the 
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Exinaust Steam 


height G/T is proportional to the absolute temperature 
at 100 deg. F. 100 + 460 
= length * height = BG X 


= $05.3 :. 


The area 
14381 & 560 


560 deg. 


GH = 


BDEGB, 


320.39 Beta. 


The value in B.t.u. of the convertible area 
therefore, is 1193.7 — 67.97 — 805.34 
and the theoretical efficiency of the evele, 

SPO39 


—— ww gn = whet per cent, 
1193.7 Oi.94 


In this process all the heat represented hy the area 
BGHKB, 77.54 per cent. of that furnished is thrown 
awa, in order that the heat represented hy lhe area 
BDEGB may be converted into mechanical work, 


If, instead of running the engine condensing with an 


exhaust at 100 deg. F., it be run with exhaust at atmos- 
pheric pressure (212) deg.) only the area CDEFC 
(169.5 Btu. = 16.72 per cent.) of the heat furnished 


can be converted into mechanical energy, but the rest 
of the heat (represented by the area CF//JC) is ata 
sufficiently high temperature to be useful for heating and 
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SHOWING HEAT CONVERTIBLE INTO WORK AND THAT 
AVAILABLE FOR HEATING 


industrial purposes, and if it can all be condensed back 
to water at 212 deg., 
will useful purpose, 
giving (radiation neglected) a 100-per cent. proposition. 


all of the heat used in making the 


steam have been devoted to some 


If there is any useful purpose to which the heat repre- 
the CFITIC, ora 


larger than that 


sented by area proportion of it 
the area 


BCKGB, can be applied, it is not good engineering to 


considerably represented by 
throw it away in the discharge of a condenser, in order 
to rescue the comparatively small amount 
by the area BCFGB, 


represented 


# 

Electrolytic Tests made by the engineers of the New York 
Board of Water Supply to determine the danger of corrosion 
to the Bryn Mawr siphon of the Catskill Aqueduct 
that the steel pipe carried several trolley 
at Tuckahoe Road to the Bryn Mawr 
Here the current left the steel pipe through a 
plying the hydraulic cylinders of the valves, returning through 
the Yonkers water mains to the railway company’s substations 
As electrolytic action always takes place where the current 
leaves the conductor, and as the current passes directly 
the siphon to the 2-in. pipe without passing through any earth, 
it was decided that the steel siphon was safe from electrolytic 
corrosion,—“Engineering Record,” 
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Will Quizz, Jr. 





SYNOPSIS—Chicf Teller gives Will a tryout on 
some of the things they have talked over and oul- 
lines a means of applying a critical steam distribu- 
tion test lo an engine. 





“T wish, Will, you would make a diagram from No. 3 
engine for me today.” 

“Why. Chief, No. 3 is down for repairs, the piston is 
out, the valve cover is off—” 

“That's all right, Will: with the valve-chest cover olf 
vou can make the necessary measurements without extra 
lnhbor? 

“But. Chief, I do not understand what you are get- 
ting at, since vou want that diagram today.” 

“It is just this. Will. 
of this opportunity to apply the knowledge you have on 
valve motions and the action of steam, ete. 


I want you to take advantage 


Go and take 
the valve out, measure it and the ports carefully, use a 
measuring stick and mark the edge of the ports on it. In 
order to save yourself some trouble, first find out the ex- 
travel of the valve. It will be well enough to 
note approximately the position of the crankpin when the 
valve motion is at its travel. When 
vou have done this. take three pieces of smooth pine hoard 
and lay out the ports on the edge of one, the valve on the 


treme 


each extreme of 


edge of the second and the crank and eccentric circles on 
the third, 
will register with one another when the valve is in midpo- 


Then establish center lines across each, which 


sition, and with other marks as the valve moves to its vari- 
ous positions, and in this way work out the kind of a dia- 
eram to be expected. 
am vetting eT ad 

“Yes, Chief, I do. You want me to construct a theo- 
retical diagram for that engine.” 


Now, I think you can see what J 


Perrker DiaGrams Uskep ror Comparisons 
“Youre hep. After all the pages in the papers and the 
hooks that have been written on this subject, there are a 
ereat Many engineers who do not realize their full mean- 
v. For instance, they will admire a well formed Corliss 
diagram and wonder why the ones produced by a high- 
Mode! 
iigrams in general are all very well, but the theoretical- 


speed shaft eoverning engine do not look the same. 


perfect diagram from a given engine is vastly superior 
when it comes to judging of that engine’s regular perform- 
ice. Tt amounts to about the same as taking any pre- 
seription thte druggist may have on file, or having a repu- 
table physician make a careful examination and prescribe 
eran ailment on that basis. 
“You can get the idea from this ilustration, Jon oppo- 
page |, which may be pasted on cardboard and cut. The 
(line of a common slide valve is used. but the principles 
the same for all valves. The ports are of about the ordi- 
proportion. The slide valve, if made to just cover 
ports (as shown in its central position), or cut 
0! at the lines at the edges of the ports, would be termed 
alve without inside or outside lap, because it did not 
overlap the ports. 


hot} 


The circles with their common center 

the vertical center line represent the engine-crankpin 
avel and the eccentric or governor-pin travel, the larger 
il smaller ones, respectively, 


“The smallest. or broken, eirele would be all the travel 
the valve would require for full port opening if it had no 
lap. In that case the eccentric would be at right angles 
to the crank, Suppose the crankpin to be at zero and 
the eccentric at 90 deg., or on the vertical line. Then 
when the crank advanced to 90 deg. the eccentric would be 
1SsQ, 
or the end of its stroke, the eccentric (and valve) would 


at its extreme travel, and when the crank reached 
be back to the central position and cutol? would not have 
occurred until the end of the stroke. 
kerecr oF AppING Ovursipe Lap 

“This condition is not often desirable, so we will add 
to the valve on both ends (called outside lap). Now you 
see, the port would hardly uncover at all when the eccen 
tric Was at its extreme travel, so we must use an eccentric 
With the 
ahead of the 
crank—there would be no steam entering at the first of the 


With more throw (sce the next lareer circle), 


eccentric in the same position——90) dee. 


stroke. This, of course, won't do, so we must rotate the 
the desired ‘lead? or 
port opening, when the crank is still at zero. ‘This is the 
anele 


eccentric ahead far enough to vet 


of advance of the eccentric. In this case it is 30 
deg. (120 deg. ahead of the crank) when the port begins 
Shift the center line on the 
valve registers with a line dropped from the cirele at the 


to open. the valve so that 


120-dee, radius and call this point zero for the eccentric. 
Now 


they rotate in unison, and move the valve forward and 


follow the motion of both crank and eccentric, as 


back to register with the vertical lines from: these ports. 
The PrOeTCSs of the eccentric is from zero toward 60 dee. 
which marks its extreme while the crank is making sim 
lar progress: then on its return stroke to 120 deg, at 
which point the valve is closed. the same 


time has reached the 120-deg. point in its travel when the 


The crank at 
steam is cut oll. Drop a vertical line from 120 deg. on the 
outer cirele to the space representing the eviinder, and the 
point of cutoff will be established (approximately) for 
the diaveram. 

‘oO’, 
and the eccentric advanced as before, and om practice the 
‘lead? at the 
is somewhat 


for an earlier cutoll the lap must be tmereased 


Cnet is LIVE! considerable port Openme or 


heemnuineg of the stroke, and the valve travel 


restricted and does not ave full port openine at light 
load and early cutolf, because for such conditions full port 


opening is hot necessary. 


MXTREMES IN LAP AND Eccentric CHANGES 


“Tt might easily be possible. with a valve of the propor- 


tions shown, to reduce the valve travel to nearly that of 
the inner cirele and then increase the angle of advance to 
180 dee. of the crank circle, so that the amount of lead 
total and the 


heen to close at the heolmnine of the crank’s stroke. 


would be the would 


This 


is what actually occurs with some forms of valves and 


por Openihe valve 


automatic governors when running up to speed with no 
load. This feature, | hope we will be able to take Up some 
other day. After adding outside lap and advancing the 
that the 


ma degrees earlier as the eccentric is advanced, 


eccentric, Vou will see exhaust port closes As 


If you 
wanted still earlier closure (more compression) lap would 
have to be added on the inside of the valve (called inside 


lap). 


With a valve of the proportions shown and tly 
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eccentric advanced 30 deg., the exhaust port would be 
closed when the crank was at the 150- and 330-deg. points, 
giving only a slight compression, somewhat as shown in 
the lower left-hand corner. If, however, the angle of 
advance is increased, as before mentioned, the exhaust 
port would close and compression begin at about half 
stroke, so you see changing one event changes all the 
others after the dimensions are once fixed. 

“By constructing a model from any engine, with the 
ports and valve measurements true, you can learn more 
of its action and the kind of diagram it should produce 
than in any other way that 1 know of.” 

“But, Chief, this gives me only the valve motion. 
should [ proceed to get the diagram ?” 


Ilow 


“Drop vertical lines from the various positions of the 
piston relative to the crank and corresponding to the same 
number of degrees traveled by the eccentric to complete 
any of the various events. 


ESTABLISUING TITE PiIston’s PostTIon 


“To get the exact position of the piston for each point 
or degree of the crank circle (which will be necessary 
when you come to construct diagrams with different 
points of cutoff, release, exhaust closure, ete.) without the 
necessity of calculating the angle of the connecting-rod, 
extend the horizontal center line through the cirele far 
enough to equal the relative length of the connecting-rod 
(five to six times the length of the crank of the engine is 
about the ordinary length of the connecting-rod, but 
measure the one you are working on to get it right). If 
the connecting-rod on the engine is six times the length of 
the crank, then three times the diameter of the crank 
circle will be the proper length for your model. With a 
measuring stick of this length or, better still, a large com- 
pass, place one point on the crank circle at the desired 
degree (say 60) and the other out on the horizontal cen- 
ter line wherever it may reach to, then bring the first 
point down to the center line within the circle (without 
moving the other point). This will give the relative 
position of the piston, or the horizontal distance it has 
traveled. Vertical lines dropped from points so estab- 
lished will give vou the various points desired for the dia- 
gram. This we had several months ago (June 16, 1914). 
The space below the valve representing the evlinder, in 
which the diagram is to be drawn, helps by showing 
graphically just the pressure acting on the piston at any 
point of the stroke. 

“When the point of cutoff has been established and no 
more steam is admitted, then the expansion curve is 
plotted according to the law of the expansion of a perfect 
gas, known as Boyle’s or Mariotte’s law (described Dee. 15, 
1914). For instance (disregarding the clearance), if cut- 
off occurred at one-quarter stroke, then at one-half stroke 
the pressure would be half that of the initial, and at the 
end of the stroke it would be one-quarter of the initial, 
and at intermediate points in proportion to the space the 
steam occupied. 

“This T want vou to work out for yourself. Make a 
model like the illustration, and let me know how you 
make out with it. If Lam not mistaken you will find it 
as interesting as I did at one time, and still find it so for 
that matter. Do not consider it a mere toy, however. In 
fact, engines are designed and built around a diagram, 
and not simply a diagram made to see how it looks after 
the engine is built.” 
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Some Dangerous Long Screws 
By Lewis F. Lyne 


I have frequent use for what is known as a “Long 
Screw” in replacing 2-in. extra heavy wrought-iron pipes 
in water arches that are either worn out or damaged |) 
incrustation or scale. These pipes range in length fro: 
20 to 48 in. and are held at each end by fixed cast-iro: 
manifolds. After the damaged pipe has been cut out 
with a hacksaw and the ends removed from the threadc 
holes, a long screw nipple is inserted in one hole A and 
a long pipe cut to fill in the gap between this casting 
and the opposite side and the long screw. ‘To insure ; 
good job and tight joints, the pipe ought to screw int 
the casting at least 1 in., which would leave a 1-in. gap 
at F. The couplings used on standard long screws arc 
about 2 in. long, therefore there would be no threads 
left on the long screw inside the coupling, and it is im- 
possible to make a joint by bringing up the follower /. 
There are thousands of such long screws in use, many 
of which are unsafe. A standard (not patented) long 
screw for this kind of work has come into use extensively, 
This has an extra long coupling and there has not. yet 
come to me a single complaint of its failure. 

There is another little “trick” in connection with the 
use of long screws—the entering of the threads on the 
pipe C into the coupling. If both pipes are screwed up 
tight and the coupling forced upon the threads on the 


Lot 


EXTRA-LONG SLEEVE ON LONG SCREW 











long pipe, they may fit or they may not; probably not. 
They may push, or if they do not match within a half 
thread, they may be stripped altogether, and this often 
happens. The threads ought not to be forced together. 
The most reliable method of matching the threads in 
the coupling to those on the pipe is as follows: Slack 
up the nipple B (if it is a right-hand thread) about one 
turn, and then try to catch the coupling onto the long 
pipe. If it does not readily enter, slack the nipple 
another fraction until the threads match, after which the 
nipple may be screwed in again to its original position. 
These directions apply only when the thread on the nip- 
ple in the casting is a right-hand: if it is not, then the 
adjusting must be done with the pipe C. 
with a right-hand thread. 

In ordering wrought-iron pipes, unless the order plain!) 
specifies and emphasizes the term W. I., the average 
dealer will ship steel pipe. The leaks with steel pipe 
in this particular service are more than double those of 
wrought iron, due principally to poor threads cut with 
dull dies, Steel dulls the dies more quickly than iron 
pipe and therefore tears the threads: hence the bad fit 
and leak. Dies used alternately to cut iron and_ stee! 
pipe do not work well and may be compared to the use 0! 
files, on brass and iron, for every machinist knows that 
new file is necessary to cut brass, and after it has be 
used on iron, it will not take hold of brass satisfactori!) 
A long screw with an extra long coupling, as describe 
when used on clean cut threads makes a good joint. 


Always adjust 
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Using a 


SY NOPSIS—Simple directions for manipulating 
(he rule to work out problems in multiplication, 
division and proportion, 
given, and assuming the reader with rule in hand, 
he is told how to set the values and where and how 


fo read the answers. 





Prac lice Cradle ples are 





One of the slinplest uses of the slide rule is to solve 
proportions. You know what a proportion is: 
S36 tt 2 t Fz 
é = 9 


As you know, there are four scales on the rule, 


as 2 is to 6 so Is 3 to 9: or 


the A-scale at the top, below it the B-scale, the 
l)-scale at the bottom and above it the C-scale. Set 
your rule with the 2 of the C-scale over the 6 of the 


1)-scale, and you will see that all the values on the C-scale 


hear the same ratio to those on the D-scale that 2 does to 


6. Not only is the 3 over the 9, but everything on the 
scale is In that proportion. Read them alone 


i649 3 


5 7 
15 48 51 5 


BBR RG 50 1: 1 3 0 Fe ia, ete. 

Put the right-hand index or 1 of the C-scale over the 
} of the D-scale, where the left-hand index now is, and 
you can read the rest of the scale 


i's 1a 1s oS. 5, ete. 

All that you need to do then to solve a proportion is 
to place the first term of the proportion on the C-scale 
over the second on the D-scale, and under the third term 
on the C-seale will be found the fourth term on the 
1)-scale. 

Cc D Cc D 
PEGs a9 

Kxample: An engine develops 76.5 hp. running at 
10 p.m. 
same mean effective pressure running at TO rprm.? 


What horsepower would it develop with the 


The power is direct!\ proportional to the speed, henee 
Co D Cc D 
Loe: Tat ss 76.8 2s 


1140 on the D-seale and 


er 76.5 on the C-scale find the answer 82.1. 


Set 150 on the C-scale over 


Example: A pulley 56 in. diameter running 275 r.p.m. 


~ belted to one 20 in. diameter. Ilow fast does the 
sinaller pulley run? 

Here the speeds will be inversely as the diameters. The 
smaller its diameter the faster the pulley will run. Wlien 
Vou state a proportion, put the given quantity which is of 
the same kind as the answer, as the third term. In this 


case the answer is in revolutions per minute. The given 


m oof this kind is the 275 r.p.am. of the larger pulley. 


Write this as the third term. Then consider whether the 
iuswer should be larger or smaller than this third term. 
IY it should be larger, place the larger of the other two 


viven terms as the second and first 


rm. If it should be smaller, place the smaller of the 


the smaller as the 


r two given terms as the second and the larger as the 

‘t. In this way you will be right whether the propor- 

t is direct or inverse. In 
olutions of the smaller pulley will obviously be greater 


this case the number of 


an those of the larger pulley, which drives it, so we have 
D Cc D 
275 3 495 
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ca) 
ua 


Many of the ordinary calculations may be stated as 
proportions and thus easily solved. The same setting of 


the rule shows that if we want the sma! pulley to run 500 


rpm. the larger must run about 278, ete. 

The product of the means. or two inside terms of a 
proportion, Is equal to the product of the extremes or 
two outside terms: 

2.8 is 223 
(leas) (extremes) 


6x 3 2x 9 


To find either mean it is necessary only to multiply 
the extremes together and divide by the other mean: or 
to find one extreme, to multiply the two means together 


and divide by the other extreme. Thus if we have given 
Cc Dp oc DD 
2 oe 22 Ee 
we can find the unknown term vw thus: 
D ( 
ox 3 D 
“ 
, ( 
( 


first mul 


tiphier (6) on the D-seale, and under the second multi 


Set the divisor (2) on the C-scale over the 


plier (3) on the C-scale read the answer (9) on the 
D-scale. 
multiplication and division. 

example: oA 


hound of coal. 


The same process is therefore good for ordinary 


holler evaporates 8.5 Ib. of water per 
that Is. 


the evaporation of one pow under the conditions of the 


The factor of evaporation is 1.10% 


test is equivalent to the evaporation of 1.15 tb. from and 
at 212 dee. F. What 
is the evaporation from and at 212 deg. F. per Ib. of com 


The coal has 8 per cent. of ash. 


hustible ? 


If S per cent., or O.O8, of it is ash, one pound of the 


coal contains 1 0.05 0.92 Ih. of combustible. The 
problem then stands 
8) & 
S.5 1.15 1) 
10.62 7h, 
O92 
C 
Set 92 0n © over 85 on Dy and under 115 on Co read 


10.62 on D. 


Sometimes vou may have to shift the slide to get the 


the answer, 


final reading. Suppose vou had 


D Cc 
oe. mm 2 D 
: 6 
yO 
C 


over the 320 0on DD. then below 21 on 


But 


Set the 70 on © 
C should be 
Put the hair line of the 
hand | oof the C-seale. With the runner in this position, 
slide the C-sceale to the left until the left-hand 1 
of the ( 
You can place the decimal by 


the answer. there is nothine below 21 


on | runner over the rievht 
is under 
scale read the 
little 


It is evident that the answer will be 


the ham line. Then under the 21 


answer 9.6, using a 
eombion 
(a little Jess than one-half) of 21. 
0.96. It is not 


sense, 


This is obviously 


> 
70 


96 and not 96 or alwavs easy to locate 
Some helpful rules for locating 


1914, 


the point Iyy Inspection. 
the decimal] port were given in Porwer, Apr. 14, 
page 551. 

A rule made with the C- and D-scales repeated on the 
top half in place of the shorter scales of the Mannheim 
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rule, but with the index in the center avoids the necessity 
of shifting the slide. You can always get your reading 
on either the top or bottom scale, whatever the setting 
may be. 
For the simple multiplication of two numbers, you can 
use the same form, putting 1 in the denominator, thus 
dD = 6C¢c 
xe. 4,896 


| D 
Cc 


Set 1 on C over 68 on D and under 72 on C read the 
answer on D. It will be seen to be almost 490, and as 
2 < 8 = 16, the last figure must be 6, so it is obviously 
1,896. In choosing the 1 on C, use that which will leave 
the D-seale under the other multiplier. You are taking 


“Qs 
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S8ths of 72 instead of ;%§ ths or some other fractio. 

For the simple division of two numbers use the sai 
form again with a 1 in the numerator instead of t! 
first multiplier, thus 


D 
1x72 »D 
12 
Cc 
Set 12 of the C-scale over 1 of the D-seale and und 


72 of the C-seale find the answer 6 on D. You ha 


simply taken 4 of 72. Use the index of the D-sca 
which will leave some of the C-scale above the dividen 

Practice proportion, multiplication and division in th 
way. Use your rule often, checking its readings by eon 
putation until you get facility with and confidence in it 


@ 


Relative Costs of Coal and of 
Fuels 


By F. C. 





SY NOPSIS—The chart shows the relative cost of 
dry fuels and oil fuels in terms of either the cost 
per boiler-horsepower-hours, or of the evaporation 
from and at 21.2 deg. F. produced ata cost of Le. 
It is useful in connection with the splendid charts 
for coal alone, as recently published in “Power.” 
The efficiency of boiler and grate is taken strictly 
fo mean the average overall fuel efficiency and has 
nothing to do with the evaporation that might be 


oblained when the plant is “spruced up.” 





In plotting the curves for oil it was found expedient to 
assume a “typical” fuel oil. The average B.t.u. per gallon 
on four oils that vary greatly in character and gravity 
was found to be 142,214, and a gallon of this oil was 
found to weigh 7.4849 lb., corresponding to approximately 
26 deg. Bé. gravity. 

The coal and dry-fuel curves, although plotted for 
convenience on the same set of axes, must be looked upon 
as independent of the oil curves. 

The latter was plotted from the following formula : 

Fuel cost in dollars per b.hp.-hr. = 

(33,479 B.t.w.) X (cost of oil per gal. in dollars) 

(B.t.u. of oil per gal.) X (overall efficiency of boiler and 

furnace) (1) 

in which 33,479 B.t.u. is the amount of heat required to 

be usefully absorbed to produce 1 b.hp. and in which 1 

b.hp.-hr. ts taken to mean an evaporation from and at 
212 deg. F. of 314% Ib. of water per hour. 

The formula for coal is approximately the same : 
Fuel cost in dollars per b.hp.-hr. = 

(33,479 B.t.w.) X (cost per gross lon burned) (2) 

(B.t.u. per lb. of coul available) X (2,240 1b.) 

The values of the cost per b.hp.-hour were plotted 
against different prices per gallon, and for overall effi- 
clencies ranging from 55 to 100 per cent. The cost of 
| b.hp.-hr. will be found along the under side of .V 
axis: on the upper side may be found the number of 





*Engineer,the Interocean Oil Co., Philadelphia, Penn. 
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pounds of water, which, at a cost of 1¢., may be evaporated 
from and at 212 dee. F. 

The evaporation from and at 212 deg. F. per Ib. ol 
oil fired may be obtained by projecting the intersection 
of the oil-efficiency curve with the broken curved line 
called “B.t.u. of oil fuel absorbed at various efficiencies, 
onto the Y axis. 


EXAMPLE For Ort AT 85-PER CENT. EFFICIENCY 


To find the cost per. boiler horsepower-hour of oil 
fuel at 85 per cent. efficiency, the oil costing $0.023 per 
gal. burned, proceed as follows: 

From the $0.023 point on the scale of costs per gallon 
(on the axis of ¥’), project parallel to the axis of \ 
until the projection intersects the 85 per cent. oil-efficienc\ 
line. Call this point P. A perpendicular from this 
point to the base-line at once gives the result on either 
of two ways. In this case we find that the cost per boiler 
horsepower-hour, is $0.00635 and is equivalent to an evap- 
oration of approximately 54.2 lb. of water at a cost of Ic. 

In addition to the foreging, by projecting to the left 
from the point P, find that the evaporation per pound 
of oil fired is approximately 16.48 Ib. “from and at,” 
and that 16,000 B.t-u. per Ib. of fuel must be absorbed 
to accomplish this. 

Let us test these answers: 

B.hp. per gal. oil fired = 

(142,214 B.t.a. per gal.) X (0.85 efficiency) gs 
33,479 B.t.u. ee 

A gallon of oil, however, costs $0.023, which, divided 
by 3.61 equals $0.00637, the cost of 1 b.hp.-hr., which 
checks closely the result found by use of the chart. 

As the heat value of coal varies between wide limits 
and is not a comparatively stable quantity, as with oils. 
the coal curves had to be plotted so as to represent var! 
ous prices per long ton as burned, instead of the various 
efficiencies taken for the oil curves. The coal efficiencies 
are then obtained from the set of supplementary curves. 
as explained hereafter. To facilitate operations it is a-- 
sumed that the coal contains only those heat units use 
fully absorbed at the given efficiency: thus a coal con- 
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taining 15,000 B.t.u. and burned at 60 per cent. efficiency 
|x assumed to be equivalent to a coal containing only 9,000 
}}.t.u. and burned at 100 per cent. efficiency. 

The coal curves are plotted against B.t.u. per pound 

the scales for coal, which will be found on the right of 
‘uc chart along the inside of the Y’ axis. 

Let us work an example: 

Assume that we are burning a coal containing 13,000 
}.t.u. at an overall efficiency of 60 per cent., the coal cost- 
ing $3.50 per long ton consumed. Starting from the 15,- 
000-B.t.u. mark on to Y’ axis, follow the light dotted 
slanting line until it intersects the 60 per cent. perpen- 
dicular from the base line. From the point thus found, 
project right or left, as may be necessary, to the $3.50 
Call this point P’. 

The perpendicular to the base line 
that the cost of 1 b.hp.-h 


coal curve. 
from P" indicates 
r. is approximately $0.0067, in 
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curve first used, before the boiler-horsepower-hour costs 
can be estimated, for the following reasons: 

Oil is sold by the gallon. Some heavy oils yield more 
heat units per gallon than the lighter ones, even when 
the heat values per pound may be somewhat less. Some 
recent investigations have tended to show that even the 
heavy may having 19,000 B.t.u. 
or more per pound. Consequently, oils heavier than 26 
(the oil plotted ) will weigh more per gallon, 
and therefore a gallon of such oil will be more efficient 
than a gallon of the lighter kind. It should be pointed 
out that although a greater evaporation per gallon may be 
obtained from heavier oils, yet no greater ‘evaporation per 
pound will necessarily be effected. 

s 


oils be considered 


as 


deg. Be. 


), after having found the evaporation per pound from 
at 212 F., multiply the particular efficiency 
curve so far used, by the nearest factor of correction, 


and deg. 


for 


FACTORS OF CORRECTION FOR OIL-EFFICIENCY CURVES 
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CHART SHOWING THE RELATIVE COSTS OF COAL AND OIL FUEL 


which the last figure is estimated. This we also find is 
equivalent to an evaporation of approximately 51 Ib. of 
water “from and at,” at a cost of Ie. 

By carrying the projection from the point P’ over to the 
Y axis, we find that the evaporation “from and at” 
1.23 Ib. and that approximately 7.790 B.t.u. must be ab- 
sorbed, 


is 


Check the accuracy of this result: 
2,240 1b.) & (13,000 B.t.a.) & (0. 6) _ 
(33,4 ma ) B.t.u.) 

produced from one ton of coal. Therefore, dividing the 
cost per ton by 521, find that the cost of 1 b.hp.-hr. equals 
S0.00671 and that the chart result represented an error 
of 7 in the third place of digits, or only a trifle over 1 per 
cent. 

From the two cases of oil and coal set forth, we see that 

r the assumed condition, the fuel cost per 100 b.hp.-hr. 
‘or oil fuel will be 6314c., as against 67.1c. for coal. 

Oil fuels other than the one plotted require, after the 
evaporation “from and at” has been found directly from 
the chart, that a correction be applied to the oil-efficiency 


ne) 


On 


1 Bhp. 


the oil being figured on. (These are given in the center 
of the chart.) All further 
in the usual manner the new 
obtained. 

It frequently happens that the data collected at a plant 
on which to base a comparison show coal ahead of oil 


calculations should be made 


on efficiency curve thus 


fuel from an economic standpoint, where all 
pointed the other way. If the engineer 


vestigation is convinced that the coal 


the signs 
making the in- 
figures furnished 
hy the plant engineer represent the true average condi- 
tions, then nothing more need be said; but if the “efli 
does not take into ac- 
count banked fires and the low points in the efficiency 
curve as well as the high spots, then there is only on 
thing to do, and that is to take observations for a long 


ciency we are getting with coal” 


enough period to insure the accurate determination of the 
average overall efliciency with coal. Experience with oil 
fuel then enables the engineer to decide what average 
overall efficiency can be looked for with liquid fuel at the 
plant in question. The rest matter of a 


moments’ use of the chart. 


but a few 
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Laying Out an Kccentric Elbow 
By M. W. Warp 


It is sometimes necessary to join two pipes inclining at 
two different angles; that is, angle of turn and angle of 
inclination, as in Fig. 1. To make drilling templates for 
the flanges the following methods may be used. The exam- 
ple here detailed was one of six different elbows for a job 
in South America, the purchaser requiring all flanges to 
he drilled ready for assembly, with a penalty for non-fit. 
All the flanges were drilled regular straddle center line, 
and the elbows drilled to special templates determined by 
the method described, the greatest er- 
ror being less than 3's in. 

Fig. 2 shows the graphical analysis, 
which, if made to a large scale, will 
give fairly accurate results. The an- 
alytical method is to be preferred on 
account of accuracy and ability to 
check the results. The following ex- 
ample was worked to four places of 
decimals with seven-place logarithms. 
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41 Elbow, 24 Pipe, Outside Diam of 
Flange 32; Bolt Circle 294-20 £Bol!s 
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Side LG oa AL COS ALG = 8.4831 
Side AG = AL sin ALG = 3.0601 
Now produce the line GZ to point #, making GF 
DC; establish point M on the line AD by connectin. 
points FC. 


Side AC = 26.5768 (see 3 for 


(2 
- 


flange 1); then 


GC = AC — AG = 23.5167 (4 
| 
To solve for angle GCF: 
Yth PG C . | 
Tan GUF = Go = 44 deg. 29 min. 29 see. (5 | 
IW 
D 
/\ 
/ \ 
/ \ 
hs, / \ 
\ ~~ \ g 








Referring to Fig. 2, first construct 
' Seiad a td : FiGA FIG2 
the triangle ABC, making AB any de- 
sired length, say 25 ft. Solve for angle 
BAC; then 
, p------7Lb 
B { ’ 12.4167 cat Gea L / 
tan AC = 34.5 _ib aN pe / 
tee in ee i a“. 
: hord ay \ Kr ' hora x 
= 19 deg. 50 min. 9 sec. (1) ‘ ¥, Piss 126% /2 
+ a q / ae 
Side BC = AB tan. BAC 9.0182 8 ae re. // gt / \ 
es j / t’ y 
(2) c\ © $ k % —_ s es \ 
1B sk [eka Vi | 
Side AC = ————,, = 26.5768 (3 —_— eo 2 cia > ame ry, r 
cos BAC (9) neN\ Pa \ \ Wt ° 
ws! of | he! OAR O5s5 j 
Construct the triangle ACD ; the an- O° vw 1 / Ss Se 7 
vle DAC is equal to the angle of in- x Pam {73 Ww St AS // 
> 4 : 4 « , Db : f \ | NPG iv oS s 
clination, namely, 41 deg. See Fig. 1. Lh Bhd} bhi, = 
(Note that the anvle of the elbow is al- ie ath Lv / Sa 
ways the angle of inclination or rise ee ant f 
and is independent of the angle or \ Lé iC 
turn.) ries FIG.4 
ee i ' i. 8 By 
Side DC = AC tan DAC = 23.1029 DIAGRAMS MADE IN DESIGNING A 45-DEG. ELROW 
(1) 
Construct the triangle ALH, in which AL = BC and Side FC RG 20 ones (6 
" A > fuU = ; , = KIDD ») 
LH = DC; solve for angle HAL: sin GUb 
Tan HAL = ici = 68 deg. 40 min. 36 sec. (5) Angle MCE, 90 deg. minus the sum of the angles 
= DCE and ACF or 4 deg. 30 min. 31 sec. (7) 
g 
Construct elevation of flange No. 1 (in direction of KO 
arrow shown on Fig. 1). See Fig. 3, in which the line Side MC = - WOR? 17.4901 S) 
HA otf the triangle TAL will represent the true center, — 
or parting line of the flange. All that is required is the The length FM = FC — MC = 15.4763 (1) 
chord length ab to the required center line of the flange - .; . ' 
eh ue sale 4 i Construct the triangle GLA; the side GK = Fill. 
its Now to solve for angle GAL: 
2 Aa sin} aAb = 54+ see. Le 
. = ti " r 4 G > ° 
Having found the required center line, proceed to lay out TanG KL = GK = deg. 43 min. 44 sec. (1" 
: r 


the bolt holes, straddling this line in the usual manner. 

For flange No. 2 refer to Fig 2, construct the triangle 
DEC with EC perpendicular to DA. The angle DCE 
equals angle DAC, which is 41 deg. 


Side EC = DC sin CDE = 17.4360 (1) 


Construct the triangle AGL, in which the angle 1LC 
= angle BAC, namely 19 deg. 50 min. 9 sec. 


Construct elevation of flange 2 (in direction of arrow. 
Fig. 1). See Fig. 4 in which the line LA of triang\: 
GKL will represent the true center or parting line 0! 
flange No. 2. Obtain the chord length ab to the require: 
vertical center line of the flange which equals 2 Ka Sv 
1%, aKkb = %-21/64 sec. Construct the template in th 
same manner as for flange No. 1. 
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imple and Convenient File 


By S. H. Viaun 

{ten a reader comes upon information that he thinks 
might be of value to him for future reference. Most 
men can remember interesting information for a few 
days, some for a few weeks, but very seldom can they 
recall from memory with sufficient accuracy all the details 
when they are really needed. This inability to remember 
has caused many engineers to adopt schemes for filing 
information that may be of value to them at some 
time. Along this line Power has published a number of 
ideas contributed by readers. Some of these plans call 
for the keeping of all copies of the periodical and having 
them bound with an index issued by the publisher. Other 
systems call for card-indexing of the articles and for 
various schemes of filing the papers. In fact, the ideas 
are almost as numerous as the individuals that gather 
the information. 

Filing the volumes of a publication necessitates keep- 
ing several hundred pages of material that may not be 
of value and for which there is often a lack of storage 
space. Besides, there is considerable expense attached 
to this method. As the vears go by, the bulk of the 
volumes accumulated becomes formidable and the work 
of locating a certain article of perhaps twenty lines upon 
a given subject becomes laborious. 

The card-indexing plan is well adapted to the plant 
or office that has a large and elaborate filing system with 
special clerks to attend to the routine details. To the 
average engineer, who must himself do all the clerical 
work connected with such a system, it becomes annoying 
because he often feels that he has not the time to sit 
down and make out cards, file them, and then file the 
articles or magazines. 

The writer has used four or five ideas during the past 
ten years, and from experience has developed a simple 
plan that requires a minimum of labor to keep in perfect 
order. This same filing system is well adapted to the 
needs of the operating engineer, or to any other man who 
preserves special information that has particular value 
to his needs. 

The system makes use of a number of large envelopes 
of the expansion type and large enough to take flat pages 
of the papers from which most of the clippings are cut. 
On one of the upper corners the envelope is labeled to 
designate the character of information filed as shown 
in the illustration. 


FILING TO BE BY CLAss, THEN SUBCLASS 


It is advisable to file the articles under the noun des- 
ignating a general class. Should the material in any 
one envelope become bulky, it can be separated into 
For example, an envelope is labeled * Meters.” 
In it are filed articles, illustrations, data, etc., cut from 
ihe technical papers, manufacturers’ circulars or from 
otler material relating to meters, whether they be water 
electric meters, steam meters, meters, or 
eters for some other purpose. When the envelope is filled 
ome of the material can be removed and two, three or 
more envelopes used. All will be marked “Meters,” with 
’ subhead stating what kind of meters. In like manner 
one or several envelopes can be labeled “Transmission” 


subclasses. 


meters, gas 


and will contain articles on rope drives, belt drives, shaft 
irives and electrical transmission. 
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After the envelopes are labeled they are placed in 
alphabetical order. In going through the files occasionally 
it is an easy matter to throw away articles that have lost 
their value and in this way keep down the bulk of the 
material and only preserve that information which is 
uptodate. 

A fireman may have his file and label the envelopes 
just the same as the chief engineer, although the two men 
will undoubtedly select different articles. The fireman 
will choose from the reading matter or advertisements 
illustrations that show clearly how valves are made or 
the interior construction of injectors and other equipment 
about the boiler room. In fact, he will preserve almost 
all the good cross-sectional or phantom illustrations that 
come to hand, as well as such educational articles as 
he can understand. As the man progresses and gets more 
responsible work, he may throw away much of this early 
material because the information contained therein has 


) 








a eZ ee 


FILING ENVELOPE FOR CLIPPINGS 





sO Clastic 


the entire 


his mind. The file is 
that he can do it readily without rearranging 


become well fixed in 
system. 

the writer to read a 
technical paper with pencil in hand, preferably a red 
one, and as he reads, to mark the articles that interest 
him, also marking sentences, paragraphs, tables, ete., 
that are of particular interest. 
article so marked in red are conspicuous and are easily 
The word in the title to 
the article corresponding to the label of the envelope is 
Or if 
corresponding word in the title, the index is written on 
the sheet in red pencil. In this way there is very little 
chance of filing it in the wrong envelope. If there are 
several sheets to the article to be filed, it is advisable to 
fasten them together with O.K. clips. The use of two clips 
prevents other sheets getting entangled readily, as they 
otherwise might, and the O.K. clips have the advantag: 
that other papers do not readily catch under them. When 
fastening the sheets together the title should always be 
exposed, even though this requires reversing the position 
of the title sheet. All matter not belonging to the article 
should be crossed off, so that no time may be lost when 
again referring to these particular sheets. 


It has become the custom of 


The paragraphs in an 
located at some future time. 


also underlined with a red pencil. there is no 
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Frequently it happens that two articles worthy of pre- 
serving will appear on opposite sides of the same sheet. 
It is usually advisable to select the more valuable article 
and disregard the other, as it is impossible for any person 
to save all the interesting information coming to his at- 
tention. If it is desirable, however, to keep both articles, 
file the sheet under either one of two headings. Upon 
letter paper write the title of the second article, its sub- 
stance, and under what index the sheet is filed. Either 
article can then be easily found when needed. 

Envelopes can be had at first-class stationary stores 
at a price of a few cents each, depending upon quality 
and size. The manila envelope is rather light for frequent 
handling. Those made of heavier brown or red paper 
are better. The number will depend upon the individual 
doing the filing. Some men might do with a dozen for 
a starter, others will need 25, and those interested in a 
number of subjects will require 50 or more envelopes. 

Anyone starting to preserve information of the charac- 
ter mentioned will be pleased to learn how easy it is to 
keep up the file after the first work of marking the 
envelopes. It is certainly worth while to keep such a 
file. In a comparatively short time it is possible to collect 
a great deal of valuable information on the various sub- 
jects selected, and the great advantage of such a system 
is that the information is all together in small bulk and 
is available at any time. 


HEADINGS FOR GENERAL Use 

The following list of headings used by the writer may 
serve as a suggestion to othlers wishing to adopt the 
system of filing just described. 

Air (compressed, lift) ; Battery (storage) ; Breechings ; 
Boilers (types, accessories, explosions) ; Boxes (starting) ; 
Cement; Chimneys; Coal; Coal (powdered) ; Combus- 
tion; Condensers (steam); Conveyors (coal and ash) ; 
Costs; Definitions; Draft; Drawings; Electrical (wiring, 
miscellaneous data and apparatus); Elevators; Engines 
(steam, internal-combustion) ; Forms (costs, records, re- 
ports) ; Furnaces and Stokers; Generators (electrical) ; 
Ileaters (feed-water); Heating (systems, data); Illu- 
mination (lamps, reflectors) ; Indicators (steam-engine) ; 
Injectors; Instruments (indicating, recording, measur- 
ing); Kinks; Laws and Ordinances; Locomobiles ; Loco- 
motives; Mathematics: Meters (steam, gas, water) ; 
Miscellaneous; Motors (a.-c., d.-c.); Oils (lubricating 
and cylinder, oiling devices) ; Packing; Piping (capacity, 
special installations) ; Producers (gas); Pumps (steam, 
power) ; Questions (examination) ; Refrigeration (ma- 
chinery, ammonia); Regulators; Separators; Steam 
(saturated and superheated); Strainers; Tests (boiler, 
engine, stoker) ; Tools; Transmission (rope, belt, shaft, 
electrical) ; Traps (steam); Transformers (electrical) ; 
Tubes (boiler, condenser); Turbines (steam, water) ; 
Valves; Ventilation. 

% 

Speed of Minimum Friction is the rate of motion at which, 
if varied from, either faster or slower, the friction of a bear- 


ing increases. With perfect lubrication it is believed to 
be between 100 and 150 ft. ner min. 
s 

Coefficient of Friction means the proportion of the pounds 
pull (or push) to the pounds (weight) being moved over a 
given horizontal surface; i. e., wood on wood without 
lubricant may have a coefficient of 0.5, or require % Ib. pull 
to move one pound along slowly. Or, coefficient of friction 
is the ratio of the force required to slide a body along a hori- 
zontal plane surface to the weight of the body. 
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Locating the Feed-Water 
Heater 


There seems to be no rule for the placing of a fe 
water heater. Like the feed pump, in the majorit) 
steam plants it is put wherever convenient—above 
boiler, in the basement, in the boiler room, in the pu 
room or in the engine room. In many instances it o- 
pies a prominent position and prevents the placing 
other apparatus to advantage. 

The accompanying illustration shows how a feed-wa 
heater is placed in one large power plant. The wall 

















HEATER 


MIDWAY BETWEEN 


ROOMS 


ENGINE AND BOILER 


vides the engine room from the boiler room. The heate: 
is placed about central in the wall which faces the rear 
ends of the boilers. It is supported about 6 ft. abov 
the floor by a platform made of angle irons and T-beames. 

This arrangement brings a part of the heater in tli 
boiler room, where the space could not be utilized for 
any other purpose, and elevates the heater out of the way 
in the engine room. 


B 


J-M Insulating Materials 


A boiler room ceiled with Transite asbestos lume: 
is fire-resisting to a high degree, as the lining does vol 
readily transmit heat and consequently the woodwo1 
does not acquire tinder-like dryness. In case of actua 
fire the flames are not likely to pass the asbestos lining. 

Where partitions are pierced for the passage of fluc- 
or pipes, an insulation panel is easily inserted. Fo 
electric switchboards, switch boxes, partitions and othe! 
central-station installations working at high tension. 
Ebony asbestos wood can be used. 

By the judicious use of these two materials in suc’ 
places as indicated, many old buildings may be protect: 
to a degree against fire. These insulations are the pro: 
ucts of the H. W. Johns-Manville Co., of New York 
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Higher Steam Pressures 


After all, human nature is much the same the world 
over and in every channel of human effort. We all ex- 
hibit the “easy come, easy go” characteristic. For ex- 
wiuple, a tour of inspection of plants in districts where 
coal is plentiful and cheap, as in many parts of Penn- 
<ylvania, will show the average plant to be much lower 
in economy and the maintenance more neglected than in 
nlants in New England, where a ton of fairly good steam 
coal brings nearly as much as a barrel of flour even 
in these turbulent days. 

It is some time since the various forms of prime 
movers became more substantial than ideas, and since 
then engineers have turned their attention to gaining 
economy through hitherto neglected sources. 

Pressure is one of these. It is a big step from the 
pumping engines of Newcomen using atmospheric pres- 
sure to the two-hundred and twenty-five pounds used in 
the new Connors Creck Station of the Detroit Edison 
Company and the two-hundred and twenty-five or fifty 
common on ocean and railway. But the step has been 
gradual. 

Watt called Trevithick a murderer because he wanted 
to use fifty or sixty pounds. George Corliss had much 
to answer for when he advocated the use of one-hun- 
dred and fifty pounds; and that was not long ago. 

We have foiled the elusive heat unit by buying supplies 
on specification, by superheat, by vacuum, by getting the 
last molecule of carbon dioxide and by several other “re- 
linements.” And now comes a veritable “hop, skip 
ind jump” in pressure, the advantages and requirements 
of which were told at the recent meeting of the Amer- 
icant Society of Mechanical Engineers and which appear 
elsewhere in this issue. For some time rumors have in- 
(licated a change upward, and now the question comes 
forth for discussion. The increase to a thousand pounds, 
of which we have heard, would seem to be unwarranted, 
as the ideal efficiency does not increase very rapidly 
above four or five hundred pounds, especially with high 
degrees of vacuum. 


a 


Heating Value of Live and 
Exhaust Steam 


A recent editorial entitled “Does Live-Steam Heating 
Boost the Coal Bill?’ has been misinterpreted into a 
plea—or an excuse—for the use of live steam instead of 
exhaust for heating and industrial purposes. 

Power has pointed out too many times and in too many 
ways the fallacy of throwing away heat units in the dis- 
‘large from a condenser and taking fresh ones from the 
hoiler to do what those discarded might have done, to be 
suspected of this heresy. Another attempt to illustrate 
and drive in this fact is made on page 821 of this issue. 

But there is another issue between live and exhaust 
steam. There are those who maintain that a pound of 


POWER 





-halfway results. 





LLL 


3 


exhaust steam will do more heating than a pound of live 
steam of the same pressure and temperature. We can 
see no reason why this should be so and have yet to be 
convinced that it is so. In saying this we do not diseredit 
the assertion of many reputable engineers that it takes 
more coal to keep their buildings at a certain temperature 
when using steam directly from the boiler through a 
reducing valve than when using exhaust steam.  Inas- 
much as all the heat that is put into the steam is diffused 
through the building in either case, it does not seem as 
though there should be any difference. True, some of the 
heat units in the ease of the exhaust steam have been 
converted into power, but in almost every case this is 
reconverted into heat—be it in the electric light or motor, 
the friction of the bearing, the impact of, or resistance 
overcome by, the tool—within the building itself. Per- 
haps it is the failure of a building to take more exhaust 
in proportion to the amount converted into power which 
has led to this idea that exhaust steam has a greater value 
pound for pound than live steam. Perhaps it is the 
failure to allow for the no inconsiderable amount of heat 
contributed to a building by its inmates—an average 
adult is estimated to give off some four or five hundred 
B.t.u. per hour—and for the fact that it naturally takes 
more heat to keep an empty idle building warm in the 
night than it does a teeming busy one in the daytime. We 
do not know of any tests that have been made, with sufli- 
cient care to eliminate all the other variables, which indi- 
cate that a pound of steam of given pressure, temperature 
and quality has any more or less heating value, whether 
it arrives in the exhaust of an engine or through a redue- 
ing valve, 

a 


The Lubrication of Cylinders 
and Bearings 


Many of those who read in last week’s issue of Power 
the lecture on the lubrication of cylinders and bearings, 
by F. L. Fairbanks before the Student Branch of the 
American Society of Mechanical Engineers at the Wor- 
cester Polytechnic Institute, were likely impressed | by 
the means adopted to make shutdowns or serious trouble 
due to lubrication or lack of it extremely remote. The 
experience of most of us with lubrication includes in- 
cidents that make it unnecessary to argue the worth of 
close study of the problem. The characteristics of the 
materials of bearings and journals and the properties of 
initial and fresh charges of oil to the system receive uni- 
versally thorough attention, 

The lecturer points out that if as thorough atten- 
tion were given to daily checking the specific gravity 
and viscosity of the oil and to frequently watching the 
oil temperatures before entering and after leaving the 
bearing, this thoroughness would give complete and not 
Good filters will slowly but surely take 
> matter in the oil, re- 
Summer tem- 


out and hold some of the “fatty’ 
ducing it in those beneficial materials. 
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peratures impair the viscosity of the oil, and when it 
becomes so weak as to be unable to adequately support 
the journal, the trouble increases and “feeds on itself.” 
This is an excellent explanation of the often baffling 
cause for serious heating of many bearings at one time. 
Frequent reports of the gravity and viscosity will show 
when the oil is wearing out and give opportunity to cor- 
rect these properties before sudden loads, or increased 
speeds, or room temperature bring on trouble. 

To the designer, the great amount of piston bearing 
surface and the threading of grooves in the ey.inder and 
the grooving of the piston to make the latter ride on 
a film of oil are of much interest because of their suc- 
cess, as demonstrated by the lecturer. And journal clear- 
ances; how often are these made so as to give a correct 
margin of safety for temperatures to which the journals 
may possibly be subjected? Most practical men know 
that there is a full measure of truth in the lecturer’s 
statement that a ten-inch and a twenty-inch journal of 
the same material will often be given the same clearance. 
There are indeed few plants where keying-up is not guess- 
work the accuracy of which depends upon the operator, 
or human factor—always an uncertain quantity and 
varying in the same man at different times. 

The keying-up by thousandths of an inch with the aid 
of wedge screws designed to give so many thousandths 
per turn, further assisted by tables worked out showin z 
how much clearance to allow for running and how much 
excess to give for expansion due to possible temperature 
rises, is a refinement that may seem extreme, but that 
is worth its cost when it prevents the always costly shut- 
down—costly not only in dollars and cents to the owners, 
hut in the depreciation of the operator’s reputation. 
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sWe Have No Engineer” 


Tt is difficult to realize that although engineers and 
manufacturers are devoting a good deal of time and 
spending large sums of money in the endeavor to obtain 
economy in the steam plant, there are many plants that 
are being operated in a “just throw in the coal” manner 
of firing the boilers, 

In a small steam plant where the coal consumption 
does not exceed a ton per day, one frequently finds in 
charge a man who, although careful, makes no pretense 
of being an expert on fuel economy but merely operates 
his small plant the best he knows how. The cost of 
the yearly supply of coal does not impress the owner as 
being sufficient to warrant employing a higher-grade en- 
eineer. This condition is common, but the number of 
power plants so operated is gradually becoming less as 
the owners and managers awake to the fact that the steam 
plant is the greatest overhead charge connected with the 
business. 

ITowever the boiler-plant operation may appeal to the 
owners of small plants, one can hardly understand how 
anyone concerned with the profits of the business can 
permit the steam end to be operated by inefficient men. 

One case in particular is offered as evidence that the 
matter is of little concern to some owners. This plant 
is in a manufacturing city of Virginia. It is true that 
coal is cheap in that section, which is near the coal- 
producing region, but when it is considered that the 
hoiler plant is close to one-thousand horsepower capacity, 
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the coal item in a year amounts to a tidy sum, eve 
fuel is comparatively cheap. 

This plant has no engineer, according to the st 
ment of the officials of the company. The stokin, 
done by negro firemen, who undoubtedly know nex 
nothing regarding economical operation and princi 
of combustion, and in fact little if anything of mod 
boiler-room practice. The man in charge of the st 
plant is a general “all round” man engaged in this 
that occupation and devotes but little if any tiny 
the boiler-reom If steam is kept to the des) 
pressure, that is sufficient; the coal pile does not cost. 

The conditions of the boiler plant are not known. {or 
the sake of an example, assume that it requires four 
pounds of coal per horsepower. This, with a ten-howr 
day and three hundred working days per year, would 
amount to forty thousand pounds, or twenty short tons, 
of coal per day, or six thousand tons per year. At a cost 
of, say, two dollars per ton the fuel bill would be forty 
dollars per day, or twelve thousand dollars per year. 

Unless a steam plant is in first-class condition in every 
respect, the right man can make a saving in coal. In the 
plant under consideration and burning twenty short tons 
per day, it would not be much of an achievement to 
save two tons per day, or four dollars on the fuel bill, 
an amount equal to twelve hundred dollars per year. 
That, added to what the man who now has charge of the 
boiler receives, would pay the salary of a first-class man 
to devote his entire time and energy to the boiler room. 

“We have no engineer” doubtless means nothing to the 
officials of this company, who in all likelihood do not 
know much more about boiler operation than their col- 
ored firemen. If a common workman in the plant asked 
for an increase of five cents an hour in wages, he would 
probably be discharged or forced to work for the old 
wage, as the manufacturine expenses have to be kept 
down. Such is inconsistency. 

This is one case out of many. There are other manu- 
facturers who “have no engineer.” Some of them know 
it, and some do not. With some this is a case of ignor- 
with others it is false economy. Whatever the 
reason, it is a costly proposition, and a sample of in- 
competency which would not be tolerated in any other 
branch of the business, 


foree, 


ance, 


Without detracting at all from the regard in which 
the many illustrious former presidents of the American 
Society of Mechanical Engineers were held, none of them. 
upon retiring from office, received a more whole-souled 
farewell than that given “Uncle John” last Tuesday night 
at the annual meeting. Nor was it for his scientific 
achievements, much as they entitle him to the greatest 
respect, but because Dr. Brashear is a lively proof of 
the fact that a man can be a scientist or an engineer 
or both and still retain his humanity. As he said him- 
self, “Remember me as one who loves his kind, and | 
dowt care what else you think of me.” 


2s 


Is it not singular how unanimously and devoutly the 
opponents of government protection of the rights of the 
people in the water powers of the country have become 
impressed with the holiness and inviolability of the 
Rights of the Sovereign States ? 
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Boiler Tests at Various Loads 


Referring to the articles and letters on the subject of 
“Boiler Tests at Various Loads,” by Messrs. Rogers, Azbe, 
Q’Neill and myself, Power, July 20, Sept. 7, Sept. 21 
and Oct. 19, I wish to add the following: Mr. 0’ Neill’s 
mathematical relations of input and output, Power, Oct. 
19, prove that Mr. Rogers, Power, July 20, did not oper- 
ate the stoker properly at low ratings, as shown by the 
abnormal no-load losses. The “least possible input curve” 
by Mr. O’Neill proves the inefficiency of operation at 
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BOILER EFFICIENCY CURVES 


plotted a probable efficiency curve for a boiler stoker 
lired similarly to Mr. Rogers’, showing a maximum effi- 
ciency of 75 per cent. at 80 per cent. of rating. ‘This is 
Hot an actual test curve, but when compared with Mr. 
Rogers? curve, which I have replotted together with Mr. 
O’Neill’s analysis and extensions, shows what Mr. Rogers 
would probably have obtained if the stoker operation dur- 
ine his tests had been more efficient. My curve shows 
that the no-load Joss is about 120 hp., which would give a 
hauked-fire requirement of 11 per cent. of the coal used 
to produce builder’s rating, which is quite normal. The 
least possible input line lies below the actual input-output 
curve, whose equation is: 

Input = 16 + 0.955 X output + 0.00266 < outpul? 
\n efficiency of %5 per cent. can be obtained with a large 
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Stirling boiler and Murphy stoker, if both are in good con- 
dition and properly operated. The ratio of heating sur- 
face to grate area of 62.7: 1 leads an experienced boiler 
operator to expect the highest efliciency at slightly below 
builder’s rating rather than at 130 per cent. of rating, as 
Mr. Rogers’ extended curve shows. 

Mr. Azbe, Power, Sept. 21, criticizes my statement that 
the draft used on the low rating was too high and con- 
tends that the draft is varied by the thickness and condi- 
tion of the fuel bed and the character of the coal. This 
is correct, but at a given rating there is a certain thick- 
ness of fire and a certain corresponding draft that will 
give the highest efficiency for a certain coal. This point 
is especially well brought out in the tests made by A. P. 
Kratz, and published in “A Study of Boiler Losses,” 
Bulletin 78 of the University of Hlinois. [See Power, 
Nov. 30, for complete abstract of this bulletin.—Editor. | 
On 19, 30 and 31 of the bulletin there are 
curves showing the variation in efficiencies with the thick- 
ness of fire and the intensity of furnace draft at various 
loads. The figures that Mr. Azbe gives to show that a 
boiler developed 500 hp. with 6, 7, 8 and 9 in. thickness 
of fire and corresponding drafts of 0.17, 0.23, 0.29 and 
0.45 in. do not prove much, as he does not state the efli- 
ciencies obtained. I do not doubt that one can develop 
any desired rating with nearly any fire thickness, but one 
cannot do so efficiently unless there is the correct relation 
of character of coal, fire thickness and draft. In operat- 
ing a boiler one first sets the damper to give the draft to 
burn the quantity of coal required for the rating and then 
operates the stoker to obtain the correct thickness of fire 
to give the highest CO, (without CO) and the highest 
efficiency. From this reasoning, together with Mr. 
O’Neill’s analysis, there is no doubt that at the lower out- 
puts Mr. Rogers did not have the proper combination of 
fire thickness and draft to give the best eflicieney at the 
combustion rates obtained. The variation in draft  re- 
quired to burn different coals efficiently is illustrated by 
the following from tests run by me: 
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BOILER TESTS AT VARIOUS LOADS 


Test 1 2 3 1 5 
Boil r Aultman & Aultman & — Stirling Stirling Oil City 
Taylor Taylor 

Stoker Combustion engineering type FE 
Rated horsepower 304 304 346 346 Ish 
Ratio of heating surface 

to grate area. . G7 .5: 1 57.531 57.6: 1 57.6:1 &2 : 1 
Builder's rating devel- 

oped, per cent 101.5 151.8 99.0 98.4 153.7 
Combined boiler, stoker 

and furnaceefficiency , 

per cent...... 77.4 73.6 76.1 76: 70.6 
Hours’ duration.... 10 10 11 11 10 
Dry coal per sq.ft. grate 

per hr., lb..... Is. 4 28.1 19.1 19.5 26.7 
Draft between stoker 

wind - box and fur- 

nace, in...... 0 74 1.13 1.93 1.84 3.16 
Kind of coal.... Southern Star (Ken- Clinchfield Bewley Shawmut 


tucky) nut and slack (W. Va.) Darst)W. (Penn) nut 
run of Va.) nut and slack 
mine and slack 
Analysis: 
B.t.u. dry. 13,738 14,000 14,341 14,079 14,170 
Volatile matter, per 
cent 35.23 36.16 30. 87 33.40 31.98 
Carbon, per cent. . 65.22 55.99 61.21 61.02 59.42 
Ash, per cent.. 9.55 7.85 7.92 5.58 &. 60 
Sulphur, per cent...... 1.42 1.08 0.46 0.47 3.26 


In regard to the way I figure the combustible in the 
ash, T would advise Mr. Azbe that this is very approxi- 
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mate and of course useless when the ashes dumped are 
less than the total ash in the coal, determined by analysis. 
Ilowever, if we have 9,400 Ib. of ashes dumped and the 
ash in the coal, by analysis, is 7,000 Ib., the conclusion 
seems to be reasonable that the difference (2,400 Ib., or 
34 per cent.) is combustible, provided the ashpit was clean 
at the start ofthe test. Some of this may be siftings of 
coal, from the stoker; but if this is mixed with the ash, it 
must. be regarded as such and will increase the percentage 
of combustible in the refuse. . Here are the amounts of 
ash.and combustible from two coals: 


Total ash in coal by analysis, Ib..... 1,888 2,825 
Total ash and refuse dumped, Ib....... ‘ 2,329 3,445 
Combustible by difference in weights, per cent. 23.4 21.9 
Combustible by analysis, per cent... 18.26 22.95 


My method is a fair approximation, provided not too 
much ash has been blown over the bridge-wall into the 
soot chamber. 

Furthermore, Mr. Azbe states that a plant should have 
The 
Every plant must have 
separate analysis made of its conditions, operating hours, 


several small boilers rather than a few large ones. 
statement is of course too broad. 
load factor, ete. Large boilers and stokers cost less per 
horsepower than small ones, in first cost, operating and 
labor costs and in space requirements. An interesting 
point about space requirement is shown by considering 
two plants, both of 2,000 hp., one consisting of eight 250- 
hp. Babeock & Wilcox boilers, 9 tubes high and 16 tubes 
wide, set in batteries with 4-ft. aisles. The same plant, 
using four 500-hp. boilers of the same type, 18 tubes wide 
and 14 tubes high, set in the same manner, requires only 
57 ft. 4 in. from boiler wall to boiler wall as against 109 
ft. + in. for the 250-hp. boiler plant. As the boilers are 
the same length through the drums, the floor-area_re- 
quirements for the 500-hp. plant are only 52 per cent. of 
those for the 250-hp. installation, and as the 500-hp. 
hoiler is only 3% in. higher than the 250-hp., the cubic 
content of the 500-hp. plant will be over 40 per cent. less 
than that of the 250-hp. installation, both having 9-ft. 
settings. 

There are other considerations besides operating effi- 
ciency that must be determined in plant design, and 
therefore one cannot sav offhand what a plant will need 
in regard to the number and size of its boilers. 

New York City. THEODORE MAYNz. 
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Cam Soot Formation Be 
Prevented? 


T have recently been reading much of the available 
literature on the subject of soot, and I am surprised at 
the scarcity of data. Many United States Government 
tests have been made on boilers, and soot is mentioned 
in them, but that is about all. We are not told how to 
prevent soot: we are merely told to keep it cleaned olf 
the tubes, that it is a factor of inefficiency, that it is 
usually black, composed principally of carbon, one of 
the chief ingredients of smoke, and that the particles are 
very fine. 

T have been unable to learn whether soot can be kept 
off of tubes by proper firing. : 
very little need be formed. 

Tn my opinion the problem is much like the gasoline- 
engine problem, Gasoline itself is a clean liquid. The 
air that supports combustion is also clean. Yet, when 


lL believe it can or that 
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the two are not mixed properly, there will be a de) 
of dirty soot on the interior of the combustion chan), 
But where the air is proportioned correctly, there is 
soot deposit. 

To prevent soot deposit on tubes and flues, proport 
the air correctly. It is questionable whether the format 
of soot can be entirely prevented. 

New York City. W. F. 
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The S.-T. Uniflow Engine 
The writer has noted the remarks of A. A. Whitin 


appearing in Power under date of Noy. 23, conce: 
ing the S.-T. Uniflow engine and has also recei 
through the mails letters criticizing certain 
points in this design. He has therefore prepared the 
following paragraphs in the hope of answering these crit- 
icisms and explaining such points as may not be com- 
pletely understood. 


SCILAPHORS'| 


several 


The high economy of the uniflow engine lies, in part. 
in the fact that this engine always keeps a “hot end”: 
that is, the cylinder head and the piston face are }ut 
slightly cooled by the low-pressure exhaust. As far as 
thermodynamic temperature conditions are concerned, it 
makes no difference whether the exhaust port is located 
at the end or middle of the stroke, the steam will ex- 
haust as quickly; but the centrally located port has thie 
advantage that the direction of flow of this exhaust steam 
is away from the cylinder head and the piston face, in- 
stead of against the latter for the entire time, as in the 
Stumpf engine. The coldest part of the cylinder is the 
middle portion opposite the exhaust belt, and when ex- 
haust occurs, the piston face is removed one-half the 
stroke therefrom instead of lying at that point, as is 
the case in the Stumpf engine. 

Let us consider the operations taking place in a cyl- 
inder of the Stumpf type. The exhaust port is opened 
by the piston and at the same rate as the latter is mov- 
ing, and is closed by the piston on the return stroke. At 
this point compression begins and the residual steam is 
compressed in the clearance space: sufficiently to reheat 
these parts. This is to say, that the economy of the uni- 
flow engine lies not only in the fact that the cylinder 
head and piston face are but slightly cooled during ex- 
haust, but also in the fact that the remaining steam has 
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SAME PORT; NO LEAD 


time to be compressed to a point where the heat lot 
will be returned to these parts. The cylinder walls pla) 
a very small part in this operation, but we will conside! 
them later in connection with the sleeve. 

Now let us follow these same operations in an engi! 
of the S.-'T. type. At the moment of opening the exhaust 
the piston is moving away from the port at a speed ap 
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proximately equal to twice that at which the port is 
opening. On the return stroke the piston moves an equal 
distance while the port is closing. In the 8.-T. engine 
the port remains open twice as long as the port in the 
Stumpf engine, if the ports are the same size, and dur- 
ing half of this time the direction of flow of the exhaust 
steam has been away from the piston face. Evidently 
the result of these conditions is that this engine will ex- 
haust approximately twice the amount of steam as the 
Stumpf engine and without twice the amount of cooling. 
If the exhaust port were made half the size of the cor- 
responding port in the Stumpf engine, about the same 
quantity of steam would be exhausted (only the orifice 
coeflicient operating to reduce this amount) with no 
vreater cooling effect. In fact, it is the designer’s be- 
lief that this cooling effect will be reduced. 

We will now consider the cooling effect of the sleeve. 
The Stumpf engine is nothing more than two single- 
acting cylinders placed end to end and provided with a 
common exhaust, each cylinder alternately doing the 
work. In the S8.-T. engine these cylinders have been com- 
bined into one, with what amounts to a movable cylinder 
wall that can be carried from one end of the cylinder 
to the other and reheated between the times of admis- 








FIG. 2. SAME PORT: ONE-HALF LEAD 
sion of live steam. This is the thermal function of 


the sleeve, and we will examine it more in detail. 

In the first place, the amount of cooled metal pushed 
into the compression end of the cylinder is not as great 
as the cooled metal in the end of the Stumpf trunk 
piston. A length of sleeve equal to half the radius of 
the piston will contain the same amount of metal as the 
end of the trunk piston (if we consider equal thick- 
nesses). This length, in a correctly proportioned engine, 
is about equal to half the length of the sleeve, or one- 
quarter of the stroke. This amount of metal will not 
be cooled to any greater extent than the same amount 
of metal in the cylinder wall of the Stumpf engine, and 
in addition it has the advantage of being moved away 
from the hot end of the cylinder and up into the clear- 
ance end, where it can receive heat from the steam being 
there compressed. It is the writer’s opinion that, after 
the engine has been running for a short time, this sleeve 
will acquire a constant temperature. 

[t should be remembered that the work done in com- 
pressing the exhaust steam in any type of engine is not 

t, as this work is returned to the piston in heat and 

‘ual pressure on the return stroke. ‘The only losses 
ie those due to heat radiation that cannot be entirely 

evented. 

On clearance the sleeve itself has no effect, except that 
his clearance may be made a smaller percentage of the 
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stroke, owing to the volume added by the thickness of the 
sleeve. 


As to the effect of the sleeve upon the expansion of 
the live steam in the cylinders, this effect being due 
to the difference in the cylinder volume and the volume 
swept by the piston, it must be remembered that the sleeve 


In fact, the 


is a driving and not a driven element. 











FIG. 3. ONE-HALF PORT: ONE-HALF LEAD 


sleeve is, in effect, a hollow trunk piston receiving steam 
pressure on one end and delivering work at the crankpin 
to which the connecting-rod from the sleeve is attached. 
None of the expansive force of the steam is lost, and 
in this respect an increase in economy is obtained, the 
result of the more complete expansion of the steam. 
The writer himself is not convinced of the economy of 
giving the piston more than a slight “lead” over the sleeve. 
Only a steam-rate test can determine this point, as it is 
not amenable to a purely mathematical investigation. 
However, a close study of the drawings will show that 
this lead can be made any amount desired without chang- 
ing the length of the cylinder. 
will increase with the lead. 
The cylinder clearance may be made any amount, the 
only factor affecting it being the compression desired. 


The amount of clearance 


The writer favors small clearance and high compression 
as being most economical. 

It is not necessary to use a counterbore, as the piston 
can overrun the end of the sleeve a sufficient amount to 
keep the wear uniform, but if desired the sleeve can be 
so constructed. In this regard it is to be noted that the 
friction between any two parts within the cylinder of 
this engine is but half the amount of cylinder friction 
in any other engine, with the result that the parts will 
run twice as long before there is any necessity for re 
horing or compensating for wear. 

The S.-T. engine has been criticized from the stand 
point of leakage. There is no more chance for leakage 
around the sleeve than around the trunk piston of the 
Stumpf engine. In fact, the sleeve, as has been before 
stated, is simply a hollow trunk piston and constructed, 
as far as packing rings and external finish are concerned, 
in the same manner as such a piston. Of course there 
is the combined leakage of the trunk piston and the disk 
piston to contend with, but the writer does not consider 
this point as well taken, since neither piston affects the 
other. 

In the accompanying figures the Stumpf engine and 
the S.-T. engine are compared from the standpoint of 
their indicator diagrams. In each figure the full-line 
diagram is that actually made by an Ames-Stumpf Uni- 
flow engine. The dotted lines show the changes in a 
theoretical diagram from an S.-T. engine of the same 
size, 
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The dotted lines in Fig. 1 show the modification of 
the diagram which may be expected from an engine with 
exhaust ports the same size as those of the Stumpf engine 
and with no piston lead. Fig. 2 is the same as Fig. 1, 
but with the piston given a lead of one-half the width of 
the exhaust port. Fig. 3 is supposed to be from the 
same engine with exhaust ports one-half the size of those 
of the Stumpf engine and with a lead one-half the width 
of the exhaust port. With an exhaust port one-half the 
size as that of the Stumpf engine and no lead, the Stumpf 
and diagrams would be identical. 

tochester, N. Y. H. A. StrINGFELLOW. 


Leaving Boilers at Night 


In the Noy. 23 issue John Crettol asks if it is dangerous 
to leave a boiler (presumably under pressure) with a 
leavily banked fire without attendance at night. 

It is, under some conditions. An explosion is not prob- 
able if the safety valve is in working condition. If the 
safety valve or valves are not in good order the danger 
exists, attendants or not. If carelessness is allowed the 
dampers may be imperfectly closed when the day attend- 
ant leaves, or some unforeseen cause may be the means 
of opening an ashpit door or damper, whereby steam may 
be rapidly raised. The foregoing applies only to ex- 
plosions, but there is always the danger of some pipe or 
fitting giving way, as in the case cited, which of course 
can not be foreseen in every case. James EK. Nose. 

Toronto, Ont. 


Heating-Season Suggestions 


This is the season when most of us give a lot of atten- 
tion to the heating apparatus in our charge. 

I suppose it is true—in fact, we know it must be—that 
it will take the same amount of steam to heat a building 
whether it be live or exhaust, but it always seems to me 
that I get better results from the latter. Perhaps the 
pulsation of the exhaust has something to do with it. 

As a rule, reducing valves are too big. This allows 
a very slight lift, which in turn quickly cuts out the 
valve. 

In threading pipe the action of the dies breaks up the 
structure of the metal, leaving it in a good condition to 
be acted upon by the distilled water flowing through it. 
If some wise man would get up a pipe joint that required 
no threading or had the threads rolled on while the pipe 
was hot, our heating-pipe joints would last much longer. 

The heating-system return pipes in our shops were first 
inclosed in wooden boxes packed with mineral wool. ‘These 
lasted only a season or two. We have since placed about 
all of them in tunnels and cement ducts and have fewer 
repairs to make. We can get into the tunnel to do the 
work or can withdraw the pipe from the duct and replace 
it with a new one. 

It seems to me that in office buildings where the 
steam pipes are buried in the floors and walls someone has 
a lot of trouble in store, for in a short time they are de- 
stroyed by the action of the distilled water. 

Ours is a common gravity-return system, but it has 
ample vents at the receiver for expelling the air, and I 
don’t believe any vacuum system requires less attention 
in operation. We operate it on 1 to 2 Ib. back pressure, 
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so I imagine we are not so badly off on the score 

economy. Except in the offices, we use wall coils 

114-in. pipe with a common globe valve on the inlet a 

a swing check on the outlet—never was I able to get 

factory operative to close an outlet valve, hence the swi 

checks. J. O. BENEFIEL. 
Anderson, Ind. 
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Collector Rings Rough 


Sparkless collection of current from collector rinws 
by means of brushes would seem to be a simpler propo- 
sition than obtaining sparkless commutation from a con- 
tinuous-current machine. Possibly it is so much simpli 
that its modest requirements are often overlooked. A. 
suming brushes of the right consistency, sparkless collev- 
tion at normal loads is largely a matter of good brus\ 
contact, of sufficient number of brushes, of correct tei- 
sion and of smooth collector rings that run true. It 
must be borne in mind that the speeds of many of the 
machines on which collector rings are used are high: 
therefore, nonuniformities incident to slight eccentricities 
or to slight flats, which would probably cause no trouble 
on low-speed machines, may cause considerable at the high 
speeds, 

In a certain substation there was a large synchronous 
converter, the brushes of which wore rapidly and sparked 
considerably. Even at light loads, when the station was 
darkened at night a film of light could be seen between 
the brushes and the collector rings. Similarly rated 
machines operating on the same duty in the same station 
and also in other stations showed neither of these symp- 
toms. Smoothing of the rings with a sandstone cut to 
their curvature seemed to help matters, but only tem- 
porarily. Finally it was noticed by an attendant, who 
happened to be standing where the light from an are lamp 
struck the rings just right, that all of the rings had 
transverse crests and troughs, which suggested a multi 
plied reproduction of the gear-tooth pitch of some ma 
chine in which the collector or the rotor might have been 
handled. 

On taking a light cut off the rings and smoothing them 
with a stone, all sparking and excessive brush wear ceased. 

Schenectady, N. Y. Kk. C. Parwam. 


Pump Pistom Rods Give 
Trouble 


In an office building we had two tandem compound 
elevator pumps of 900 gal. per min. capacity against 
185 lb. pressure. The low-pressure piston rod was screwed 
into the follower plate on the high-pressure piston, and 
the high-pressure piston rods and the pump-plunger rods 
were joined by a cast-iron crosshead, or clamp, made in 
two pieces and clamped together on the rods by four bolts. 
Soon after the pumps were started, they gave trouble by 
the threads breaking at both of these points. 

The cast-iron crosshead clamps were replaced by steel, 
and the follower plates were bored out and threaded for 
a heavy steel ring, or bushing, which was screwed into thie 
follower and pinned to keep it from working loose. The 
rod was then screwed in, with a heavy locknut on 
No further trouble has been experienced with these pum). 

Lowell, Mass. R. EK. Rua. 
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Chimney-Overturning Wind Moment—What would be the 

overturning moment of the wind which should be provided 

eainst in construction of a round chimney 175 ft. high, having 

outside diameter of 16 ft. at the base and 9 ft. at the top” 
G. F. W. 


In most localities it is safe to provide against a wind 
pressure of 50 lb. per sq.ft. The average diameter of the 
chimney would be 12.5 ft., and the projected area exposed to 
the wind would be 12.5 X 175 = 2,187.5 sq.ft., and the center 
of pressure, that is, the center of gravity of the projected area, 
would be about 76 ft. above the base. The effective pressure 
would be about 25 lb. per sq.ft., and as the total effective pres- 
sure would be 2,187.5 K 25 = 54,687.5 lb., the overturning mo- 
ment of the wind would be 54,687.5 76 = 4,156,250 lb.-ft. 

Gas Equivalent to a Barrel of Oil—How many cubic feet of 
natural gas will have a heat value equivalent to that of a 
42-gal. barrel of California crude oil of 15 deg. Baumé? 

oO. & i 

The heat value of natural gas according to the 
locality and ranges from about 700,000 to 1,150,000 B.t.u. per 
thousand cubic feet at atmospheric pressure, and the average 
heat value is about 900 B.t.u. per cu.ft. A gravity of 15 Baumé 
would be equal to a specific gravity of 0.966 that of water, 
and as a gallon of water weighs 8.33 lb., the weight of a 
gallon of the oil would be 8.33 X 0.966 8.04678 lb. and 42 gal. 
would weigh 337.965 lb. California crude oil 15 deg. Baumé 
has been quoted as having a heat value of 18,589 B.t.u. per Ib., 
and accordingly the heat value of a barrel of the oil would be 
337.965 & 18,589 = 6,282,431 B.t.u., and this divided by 900 
gives 6,980 cu.ft. of average gas as equal to one barrel of the 
oil. 


varies 


Support for Overhead Pipe Line—What is a good method 
of supporting a 3-in. steam line extended 12 ft. above ground, 
for a distance of about 200 ft. from a boiler 
house to a branch department? mn. <3 

An inexpensive method is to employ a single 
line of supporting posts with the pipe suspended 





S 
from crossarms. For a 3-in. steam line the < 
posts could be similar to the sketch and spaced SS 
at about 11 ft. centers. Should they obstruct - 


passageways over which a greater span is de- 
sirable, the span can be doubled and the middle 
of the span can be supported by a pair of truss 
rods. 


Kilowatt-hours per Pound of Fuel Oil—In using fuel oil 
tor generation of steam for a direct-connected reciprocating 
what determines the number of kilowatt-hours de- 
veloped per pound of oil burned? BE. Cc. 8. 

The kilowatt-hours per pound of fuel oil will depend on the 
heat value of the oil, the perfection of the combustion and 
efficiency of the boiler, the economy and mechanical efficiency 
of the engine and the efliciency of the generator. Allowing an 
evaporation of 11 1b. of water into dry saturated steam per 
pound of fuel oil, 95 per cent. mechanical efficiency of engine, 
40 per cent. efficiency of generator and a steam consumption 
of 20 lb. (weight) of steam per hour per indicated horsepower, 
then there would be 


engine, 


20 
( 11 —_ x 0.95 x 0.90 0.3508 kw.-hr. per lb. of fuel oil 
0.746 
or as usually expressed, there would be 
1 


——— = 2.85 lb. of fuel required per kw.-hr. 
0.3508 
Action of Helical Springs—What are the relative advan- 
t s of employing helical springs in compression or in elon- 
force or pressure, as in indicators 
dynamometers? 2 oS 
Helical springs used in have a tendency to 
buckle, though errors introduced from this cause can be prac- 
tically eliminated by appropriate proportions. One advantage 
©: employing springs in compression is that they are protected 
om overstraining beyond the stress required to close the 
helix. Springs used in elongation, when provided with axial 
hearings, are pulled out in a straight line without introducing 
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errors due to buckling, and their change of length is there- 
fore more nearly in proportion to the load or pressure. They 
have the disadvantages, however, of being exposed to over- 
elongation from excessive stresses unless protected by a guard 
or stop to prevent over-reaching. In elongating a helical 
spring it tends to unwind, and the reverse is true when it is 
compressed, and with either type, unless freedom of twisting 
motion is provided for, there will be an irregularity of the 
elongation or compression from variable frictional resistance 
at the bearings of the spring. 

Unbalanced Weight of Prony Brake—In using a Prony 
friction brake for ascertaining the power developed by a 
motor, what is meant by the unbalanced weight of the brake, 
how is it determined, and how is its value employed in the 

LXx2rxWwxwNn 
formula, HP = ——————————_? : 
33,000 J. R., JR. 

The term “unbalanced weight of brake” refers to the force 
or pressure by which the reading of the weighing scales or 
weight employed for resisting the effort of the motor is too 
large or too small by reason of the center of gravity of the 
brake not being in the vertical plane passing through the 
axis of rotation of the brake wheel. 

For finding the value of the unbalanced weight, loosen the 
brake clamp from the wheel sufficiently for it to clear the 
wheel when the clamp end of the brake is supported on a 
three-cornered file or other knife-edge placed on the rim of 
the wheel, directly over its center of rotation. The value of 
the unbalanced weight will then be the weight of the arm 
when taken at the same point that the effort of the motor is 
to be weighed. 

When, from its direction of rotation, the effort exerted by 
the motor is assisted by the unbalanced weight of the brake, 
then, to obtain the proper value of W in the formula, the un- 
balanced weight is to be deducted from the weight readings 
obtained in operation of the brake, but when the unbalanced 
weight opposes the effort of the motor, the value of the 
unbalanced weight is to be added. 





Cooling Water Required for Jet Condenser—What weight 
of cooling water must be supplied to a jet condenser for 
condensing one pound of steam under the following condi- 
tions: Barometer, 29.7 in.; vacuum, 26 in.; temperature of 
cooling injection water, 70 deg. F.? 8s. 8. J. 

It is sufficiently accurate for most practical purposes to 
assume the exhaust steam entering the condenser to be dry 
and saturated and its heat to correspond to the pressure in 
the condenser and compute the weight of cooling water by 
the formula, 


H—te + 32 
w= — ~—-- 
te — to 
in which 

H Total heat of the steam at condenser pressure; 
ty Temperature of the discharge water; 
to Initial temperature of the cooling water; 
W Weight of cooling water in pounds necessary to con- 


dense and cool one pound of steam to the required 
discharge temperature. 
The temperature of 


pressure of 29.7 — 26 3. 


steam corresponding to an absolute 
found from the 
But the discharge tem- 
as the condenser pressure is due in 
part to air carried over with the circulating water and con- 
densed steam, so that the discharge temperature will be 10 to 
lower than that corresponding to the 
gage. Assuming it to be 15 
discharge temperature may be 
deg. F. The total heat corresponding to a 
of mercury is given by the steam tables as about 


7 in. of mercury is 
steam tables to be about 123 deg. F. 


perature is less than this, 


id dee. 


by the 


vacuum shown 
deg. lower, the actual 
considered as 123 15 108 
7 in 
1,113 B.t.u 


pressure of 3. 


ab ve 32 deg. F. Then as ts 108 deg. F., and t, 70 deg. F., 
by substitution the formula becomes 
1,113 — 108 + 32 
Ww — - 27.29 Ib 
108 70 


of cooling water per pound of steam condensed, 
{Correspondents sending us inquiries should sign their 
communications with full names and post office addresses 
This is necessary to guarantee the good faith of the communi. 
cations and for the inquiries to receive attention.—Editor. ]} 
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By Henry J. Epsauut 





SY NOPSIS—The storage of coal is insurance 
against either excessive fuel prices or a shutdown. 
Certain precautions must be observed in stocking 
bituminous coal, and the means to be employed 
will vary widely with circumstances, each installa- 
tion being a separate problem. Many varieties of 
stocking and reclaiming apparatus are here de- 
scribed. 





While it has become almost universal practice among busi- 
ness men to carry insurance against fire, accidents to em- 
ployees and other possible happenings beyond their definite 
control, the carrying of an ample coal supply as an insurance 
against delays or a possible closing down of the plant is apt 
to be neglected by the coal consumer. The advisability of 
this kind of insurance is not hammered at him by the in- 
surance man as are the other kinds, and he is apt to have a 
feeling that he can always get coal somehow, even though 
there is a shortage. 

Every once in a while, however, there is a strike of the 
coal miners, congested conditions on the railroads, an unu- 
sually severe snowstorm, an especially heavy demand for 
coal, along with a business boom and a car shortage, or some- 
thing else happens to disturb the equilibrium between the 
available coal supply and the demand. At such times the 
prices soar, and the man with a good-sized coal pile pats 
himself on the back for his foresight, while the one who 
neglected this precaution is bidding against other consumers 
in the same predicament, for enough coal to keep his plant 
running and to avoid an interruption to business at just the 
time when business is booming and any delay would be 
disastrous. 

The consumer with ample storage facilities is also in 
a position to take advantage of special prices which may 
be offered him at certain seasons of the year or of a spe- 
cial offer of some dealer because of a combination of cir- 
cumstances affecting him. Setter coal can also be obtained 
at certain times, and the main supply can be laid in under 
favorable weather conditions instead of having to handle coal 
all through the winter, with its snow and sleet storms and 
zero weather. 

Where small anthracite steam coal is used, the storage 
problem is comparatively simple, since the small size makes 
it easy to handle by machinery, and it can be piled to 
any depth without danger of spontaneous combustion. Since 
however, the majority of the coal used for steam purposes is 
bituminous, it is this kind as a rule for which storage fa- 
cilities have to be provided. 


BUREAU OF MINES’ INVESTIGATIONS 

The United States Bureau of Mines has made some in- 
vestigations of the deterioration and spontaneous heating of 
coal in storage and expects to carry on further experiments 
and publish further data later on. Technical Paper No. 16, 
published in 1912, gives points of information obtained from 
individuals who have had experience in storing coal under 
various conditions. It also gives results of tests made by 
storing different kinds of coal, both exposed to the weather 
and submerged under fresh and salt water in different lo- 
ecalities. The following quotations are from this paper: 


The results show in the case of the New River coal a loss 
of less than 1 per cent. of calorific value in one year by 
weathering in the open. In two years the greatest loss was 
at Key West, 1.85 per cent. There was practically no loss 
at all in the submerged samples in one year, fresh or salt 
water serving equally well to “preserve the virtues” of the 
coal. There was almost no slacking of lumps in the run-of- 
mine samples. In all tests the crushed coal deteriorated more 
rapidly than the run-of-mine. 

The Pocahontas run-of-mine coal in a 120-ton pile on the 
Isthmus of Panama lost during one year’s outdoor weathering 
less than 0.4 per cent. of its heating value and showed little 
slacking of lumps. 

Gas coal during one year’s outdoor exposure suffered prac- 
tically no loss of calorific value, measurable by the calori- 
metric method used, not even in the coal forming the top 
6-in. layer in the bins. 

Submerged storage is an absolute preventive of spontane- 
ous combustion, and on that account alone it may be justi- 
fied when the coal is particularly dangerous to store and when 
large quantities are to be stored; but unless the storage 





*Reprinted from “Coal Age,” Nov. 6, 1915. 
tLink-Belt Co., Philadelphia, Penn. 


period is to be longer than one year, there seems to be 
ground for storing any coal under water merely for the sa 
of the saving in calorific value to be obtained by the avo 
ance of weathering. 

Losses of value from spontaneous heating are a much m: 
serious matter than the deterioration of coal at ordina 
temperatures. Oxidation proceeds more rapidly as the te) 
perature rises. The oxidation, beginning at ordinary te) 
peratures, attacking the surfaces of particles and developi 
heat is probably in some degree an absorption of oxygen | 
the unsaturated chemical compounds in the coal substanc: 
In a_small pile of coal this slowly developed heat can | 
readily dissipated by convection and radiation, and very litt] 
rise in temperature results. If the dissipation of the he; 
is restricted, however, as in a large pile densely packed, th 
temperature within the pile rises continuously. The rate o| 
oxidation of the coal platted against the temperature makes 
a curve that rises with great rapidity. When the storag: 
conditions are such as to allow warming of the coal to 4 
temperature of about 100 deg. C., the rate of oxidation be- 
comes so great that the heat developed in a given time ordi- 
narily exceeds the heat dissipated, and the temperature rises 
until, if the air supply is adequate, the coal takes fire. Evi 
dently, therefore, it is important to guard against even moi- 
erate heating of the coal, either spontaneous or from an ex- 
ternal source. Increased loss of volatile matter and of heat- 
ing value occurs with a moderate rise of temperature, even 
though the ignition point is not reached. 

Spontaneous combustion is brought about by slow oxida- 
tion in an air supply sufficient to support oxidation, but 
insufficient to carry away all the heat formed. The area of 
surface exposed to oxidation by a given mass of any one coal 
determines largely the amount of oxidation that takes place 
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FIG. 1. HANDLING FROM COAL CAR TO CART THROUGH 
BUCKET ELEVATOR AND PORTABLE WAGON LOADER 


in the mass; it depends on the size of the particles and in- 
creases rapidly as the fineness approaches that of dust. Dust 
is therefore dangerous, particularly if it is mixed with lump 
coal of such a size that the interstices permit the flow of a 
moderate amount of air to the interior. Coal differs widely 
in friability; that is, in the proportion of dust that is pro- 
duced under like conditions. In comparative tests samples 
of Pocahontas, New River and Cambria County (Pennsyl- 
vania) coals produced nearly twice as much dust (coal 
through a \-in. screen) as coal mined from the Pittsburgh 
bed in Allegheny County, Pennsylvania. This variation in 
friability is a factor in affecting the liability to spontaneous 
heating. 

Ideal conditions for such heating are offered by a mixture 
of lump and fine coal, such as run-of-mine with a large per- 
centage of dust, piled so that a small supply of air is admitted 
to the interior of the pile. 

High-volatile matter does not of itself increase the liabil- 
ity of coal to spontaneous heating. A letter of inquiry sent 
by the bureau to more than 2,000 large coal consumers in the 
United States brought 1,200 replies. Of the replies 260 re- 
ported instances of spontaneous combustion, and 220 of the 
260 gave the name of the coal. The 220 instances were dis- 
tributed as follows: 95 were in semibituminous low-volatile 
coals of the Appalachian region, 70 in higher-volatile coals 
of the same region and 55 in Western and Middle-Western 
coals. 

Freshly mined coal and the fresh surfaces exposed b\ 
crushing lumps exhibit a remarkable avidity for oxygen, but 
after a time the surfaces become coated with oxidized mate- 
rial, “seasoned” as it were, so that the action of the air be- 
comes much less vigorous. In practice, coal that has been 
stored for six weeks or two months and has even become al 
ready somewhat heated, if rehandled and thoroughly cooled 
by the air, seldom heats spontaneously again. 


Where mechanical stokers are used, it is almost universal 
practice to provide an overhead storage bin for at least part 
of the coal supply, this bin being located either right in 
the boiler room or at a convenient point close by. This coal 
is either spouted direct to the stoker magazines or drawh 
from the bin into a traveling larry or weighing hopper ru! 
ning on an overhead track above the stokers, the coal bi 
ing delivered from the larry to the magazines. 

Where the firing is done by hand, the coal is shoveled fr« 
the floor or from a charging car, so that the overhead ) 
does not show such a decided advantage over a ground- 
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storage bin. The overhead bin is often used, however, for 
the sake of neatness and on account of the possibility of ar- 
ranging it so that the greater amount of the coal can be 
spouted by gravity to convenient points within easy reach 
of the fireman without having to keep a lot of coal on 
the boiler-room floor or constantly bringing it in from the 
outside. 

Without the overhead bin it is customary either to pile 
the coal against the outside of the boiler-room wall, in front 
of the boilers, and leave openings in the wall so that it 
will flow through onto the floor within easy reach of the 
fireman, or to pile it at as convenient a point as possible for 
transfer to the boiler room. 

On account of the expense of construction the amount of 
overhead storage is usually kept down to what is considered 
a minimum for satisfactory operation, and some cheaper type 
of storage is arranged for the reserve supply, with a means 
of transfer from the reserve storage to the active storage. 

The justifiable amount of investment for reserve stor- 
age and transfer facilities depends on the size of the stor- 
age that is considered advisable, on the amount of coal 
which will be delivered to the storage and transferred 
from it in a certain time and on local conditions. In some 
eases coal is as a rule received regularly, and the reserve 
supply is simply an insurance against unusual contingencies, 
to be called on only at infrequent intervals. In such cases 
it may pay better to use hand labor partly or entirely for the 
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easier to make this a run-of-mine storage and crush th 
coal just before it goes into the supply for the boiler roon 
Since the coal mines are fast becoming equipped with screen 
ing and picking arrangements for sizing and preparing th: 
coal, it is now entirely feasible to buy coal of the size re- 
quired for use, though the sized coal costs a little more tha 
the run-of-mine. 

In considering the different types of reserve-storage plant 
the simplest case is undoubtedly that where a moderat 
amount is ‘unloaded from railroad cars and piled on tl 
adjacent ground without any provision for reclaiming m« 
chanically. The most economical machine for this work ji 
a chain-and-bucket elevator or an inclined scraper-conveyo 
technically known as a flight conveyor. A pit is built und« 
the railroad track at the unloading point so that the co: 
can be discharged from hopper-bottomed cars into the pit 
and fed through a gate to the elevator or conveyor. With th: 
elevator the buckets pick the coal up, elevate it and dis 
charge it at the head to a chute to the pile. With the in- 
clined conveyor the flights scrape the coal up in a ste« 
trough and discharge it in a similar manner at the head 

The coal can be handled as run-of-mine or a grating can 
be placed over the track hopper and the larger lumps 
broken on it, thereby making it possible to use a somewhat 
smaller and cheaper equipment. For a pile of 500 or 600 tons, 
the machinery, including a motor for driving, can be pur- 
chased for about $600; and in addition to this there will be 
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FIG. 6. FLIGHT CONVEYOR DISTRIBUTORS SERVED BY APRON FEEDER AND GRAVITY DISCHARGE ELEVATOR 


storage and transference rather than to invest much money 
to eliminate this hand labor when it does not figure as a 
large yearly expense. In other cases the coal supply may be 
so irregular that it is necessary to call on the reserve stor- 
age at frequent intervals, and the amount of hand labor which 
it is possible to eliminate justifies quite a large invest- 
ment, 

If the coal is received as run-of-mine and is to be used 
in mechanical stokers, it is usually passed through a crusher 
before it is delivered to the stokers. At small plants it is 
sometimes passed through a grating over a feeding hopper or 
the large lumps are broken up in some other way, instead of 
the expense being incurred of installing a crusher with its 
driving arrangement. Where the coal is to be fired by hand 
the crushing is not considered necessary as a rule; but if 
it is to be handled by machinery, it must be crushed or 
the machinery must be made capable of handling the largest 
lumps. 

When a crusher is used it can be placed at the receiving 
point, so that the coal is passed through it as soon as it 
is unloaded and before storing. On the other hand, if a re- 
serve storage is employed, the coal may be stocked as run- 
of-mine and passed through a crusher just before it goes into 
the active storage for the boiler room. 

This means collecting from the reserve storage and bring- 
ing all coal to the fixed point where the crusher is located, 
unless this machine is made to move along on wheels, as is 
sometimes done. Where the coal is handled entirely by con- 
veyors, it simplifies the problem to crush it first, so that it 
is easier to handle, though this necessitates the storing of 
crushed coal in the reserve supply as well as in the active 
storage. 

Where a grab-bucket arrangement is used for the re- 
serve supply, it is usually just as easy and sometimes 


the cost of the pit and machinery supports, also the cost of 
installing the equipment. Machines of this kind usually 
handle coal at the rate of about 30.or 40 tons per hr., pro- 
viding the coal can be unloaded from the cars at this rate. 
This depends on the type of railroad car, the percentage of 
lumps in the coal and the number of men used to unload the 
cars. 

Where a cart is available for hauling the coal to the boiler 
room or where it can be transferred by small industrial cars, 
a portable wagon loader is an excellent way to pick it up 
from the ground. A standard machine of this type will handle 
anthracite or run-of-mine bituminous coal at the rate of a 
ton a minute. The machines are built both hand- and power- 
propelled; the hand-propelled ones cost about $550 and the 
power-propelled ones $850, complete with electric motor or 
gasoline engine for operation. 

Fig. 1. shows a bucket elevator delivering to a ground- 
storage pile and a portable wagon loader handling the coal 
from this storage to carts. Fig. 2 shows an inclined flight 
conveyor handling coal from.the railroad cars to a ground- 
storage pile, the pile in this case being adjacent to the boiler 
room so that part of the coal flows through openings in tlhe 
boiler-room wall to the floor directly in front of the boilers. 

By going a step farther and adding 1 reclaiming feature, 
a conveyor can be made to deliver the coal to the storage. 
also take it from the storage and deliver it at a desired point 
For this work a gravity-discharge type of machine is often 
used, because it will both elevate the coal and convey it 
along horizontally or at an incline, and by bringing the buck- 
ets back in a tunnel underneath the pile, the same machine 
can be used as a reclaiming conveyor. These machines have 
V-shaped buckets carried between two chains and prope 
attached to them. When elevating, the coal is carried up i? 
the buckets. When it is being conveyed, the buckets act like 
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the flights of a flight conveyor and push it along in a steel 
trough, through which it can be discharged at the desired 
points by means of gates. 

Fig. 3 shows an arrangement like this-for handling coal 
from railroad cars and delivering either to a small over- 
head bin or to a ground-storage pile, also taking from the 
pile and delivering to the bin. The conveyor encircles the 
bin and pile, the lower run being located in a tunnel under- 
neath the pile. When the stored coal is wanted, it is fed 
through gates to the lower run of the machine and taken up 
to the pocket. In this case there are three boiler rooms in 
the plant, and the coal is loaded into carts and delivered to 
the boiler rooms in this way. 


A COMBINATION IS OFTEN EMPLOYED 

Frequently in piling coal a combination of bucket elevator 
and flight conveyor is used, the elevator taking the coal up 
to the proper height and the flight conveyor distributing it 
along ina pile of any desired length that is not excessive for 
a conveyor. A combination of this kind is shown in Fig. 4. 
The maximum depth of the coal is about 18 ft., and the length 
of the conveyor is 200 ft. 

Without resorting to hand-trimming of the coal—that is, 
simply allowing it to take its natural slope as it is dis- 
charged from the conveyor—it is possible to store about 3,000 
tons of anthracite or 2,000 tons of bituminous coal, the differ- 
ence being due to the difference in the natural slope of the 
two kinds of coal. This sort of an arrangement is quite simi- 
lar to a railroad-trestle storage, but is cheaper in first cost 
as well as in maintenance and depreciation, unless the rail- 
road trestle is built of permanent and therefore expensive 
construction. 

Where the reserve storage is some distance from the 
boiler room, a flight conveyor in combination with a gravity- 
discharge machine with the reclaiming feature is sometimes 
used, The gravity-discharge elevator-conveyor takes the 
coal up and delivers it to the flight conveyor for immediate 
transfer to the boiler room or delivers it to the storage pile. 
The stored coal can be taken from storage, the same as 
in Fig. 3, but in this case it is delivered to the flight con- 
veyor, which serves instead of carts to transfer the coal 
to the boiler room. 

This kind of an arrangement is shown in Fig. 5. In this 
plant the amount of coal consumed per day is about 20 tons, 
and the amount that can be stored is about 600 tons, or 30 
days’ supply. Fig. 6 shows a somewhat similar arrange- 
ment. In this case the elevator is about 65 ft. from the end 
of the boiler room, and the space between it and the building 
is used for storage, being served by the flight conveyor to 
the boiler room. 

In the opposite direction there is a flight conveyor en- 
circling the pile and having a horizontal length of about 
150 ft. When coal is being delivered to this pile, it is lifted 
by the elevator and carried out on the upper run of this 
flight conveyor. When it is being taken from the pile, it is 
fed to the lower run of the flight conveyor in a tunnel under- 
neath the pile, delivered to the elevator, then taken into the 
boiler room by the other flight conveyor. As the firing is 
done by hand the coal is simply deposited on the boiler-room 
floor. 


A PIT MAY BE USkWvY FOR STORAGE 

The arrangement shown in Fig. 7 is for small anthracite. 
The storage space was excavated so as to form a pit, the 
coal being stored in the pit and also piled up above the regu- 
lar ground level. Over 11,000 tons of coal can be stored at 
this plant, and all except a little that is used in some 
boilers in an adjacent building is carted to the main boiler 
room of the publishing plant, a mile or so away. The ma- 
chinery includes a_ gravity-discharge elevator-conveyor, a 
stocking-out flight conveyor and two reclaiming flight con- 
veyors in tunnels under the pile. The gravity-discharge ma- 
chine elevates the coal and delivers it to the wagon-loading 
pocket or to the pile, and also transfers coal from the pile to 
the pocket. The stocking-out conveyor serves to pile the coal 
on out in the storage area away from the pocket, and the 
reclaiming conveyors take it from points out of reach of the 
gravity-discharge machine and transfer it to this machine. 
The rate of handling is about 40 tons per hour. 

For low maintenance cost and reliability the pivoted- 
bucket carrier type of conveyor excels all others for handling 
coal, ashes and similar materials. Some makes of these ma- 
chines have been carefully perfected, so that they represent a 
high degree of development in the conveying art. With this type 
of machine the material is carried along in the buckets, 
which do both the elevating and distributing. The material 
is discharged by tilting the buckets with a tripping arrange- 
ment at the desired points, and the weight of chains, buckets 
and coal is supported on the horizontal runs by large well- 
oiled rollers traveling on T-rails. These rollers are confined 
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between T-rails on the vertical runs, so as to guide the chai 
and buckets. 

Two ways of using these machines in connection with ; 
serve storage are illustrated in Figs. 8 and 9. The form 
has overhead-storage bins directly over the reserve storag 
with the carrier encircling both the overhead and grou 
storage, also encircling an ash pocket. When the overhs 
storage is depleted, the coal in the reserve storage can be f 
to the lower run of the machine and transferred to the ov: 
head bins. 

With a reliable machine of this kind to transfer the cx 
the overhead-storage can be made quite small and the fi) 
cost thereby reduced. Even though the replenishment of t 
overhead supply is dependent on the frequent operation of 1 
carrier, there is little danger of lack of coal in the overhe; 
bins owing to trouble with the machinery, as breakdowns wi 
a first-class carrier are rare, and when repairs are necessa: 
they can be made with little delay in the operation. 

The other design is quite similar to this, except that t! 
main or reserve supply is placed in a bin at one end, insten 
of being underneath the overhead bins. This particular ca: 
rier has a horizontal run of about 275 ft. and a vertic 
lift of about 42 ft., or a total length of about 630 ft. Only 4 
little over 8 hp. is required to operate it. 





Recent Court Decisions 
Digested by A. L. H. STREET 








Right to Ice on Mill Pond—The right of flowage belonging 
to the owner of a dam does not carry with it the right to 
take ice from the water which the dam causes to collect ove: 
the land of an adjoining owner. “The riparian owners are 
not, we think, deprived of their rights as such owners by the 
construction of a dam below them. Their right to a just and 
rensonable use of the water remains if it has not been actu- 
ally surrendered. If any riparian owner has land covered 
by the pond, we see no reason why he may not take the ice 
from that land, unless by so doing he causes an actual injury 
to the owner below by materially diminishing the use of the 
water to which such owner is entitled.” (New York Court of 
Appeals, Valentino vs. Schantz, 109 ‘Northeastern Reporter,” 
866.) 


Nature of Power Company’s Service—Generation of elec- 
tricity and its transmission to consumers for power purposes 
does not amount to “manufacturing” or engaging in a “mer- 
cantile pursuit,” within the meaning of the section of the 
Federal bankruptcy act which authorizes involuntary bank- 
ruptcy proceedings against a corporation engaged principalls 
in manufacturing or mercantile pursuits, according to the 
holding of the United States District Court for the Middle 
District of Pennsylvania in proceedings brought against the 
Wilkes-Barre Light Co. Judge Witmer says: 

The subject of electricity is always interesting, and the 
study of it opens a field almost without limitation. Much has 
been said and written, and it yet remains shrouded in mys- 
tery, and courts remain divided _as to whether electricity is 
a product to be manufactured. Without attempting a lengthy 
scientific speculation or rehearsal of conflicting views of 
opinions of those whose duty it has been to give this matter 
consideration for one reason or another, I record myself with 
those of opinion that generating electricity is not manufac- 
turing, nor is the transmitting of electricity over lines of 
wire to consumers for a consideration a mercantile pursuit, 
within the meaning of the bankruptcy act. 

Power Plant as Private Nuisance—Plaintiff’s petition in a 
suit against defendant city stated a good cause of action for 
damages by alleging that plaintiff owned a lot within the cit) 
limits and resided upon it; that the city erected a power plant 
within 30 ft. of her property, for use in generating electricity 
and in pumping water for public use; that by reason of the 
noise caused in operating the plant, “its steam exhausts, and 
the blowing of the whistle, and by reason of the vibrations 
oceasioned by the running of its dynamos, engines and othe! 
machinery,” the value of plaintiff's home and lot had been 
destroyed; that the power plant was conducted by the city in 
such manner as to amount to a nuisance; and that without 
necessity it blew the whistle three times daily, at 6 o’clock 
morning and evening and at noon, “in long, ear-splitting 
blasts.” (Georgia Supreme Court, Harris vs. Washington, $6 
“Southeastern Reporter,” 220.) 
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Lubricating Chain Drives is best done with thin oil first, to 
penetrate into the joints, followed by heavier oil, according 
to the working temperature and speed, applied with a brus! 


while the chain is running slowly. Greases are not suitalle 
for thorough lubrication of chain drives. 
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Higher 








SY NOPSIS—The tendency is toward the use of 
higher steam pressures. Tables show the increase 
in the ideal efficiency for various pressures and 
superheat, With high pressures and consequently 
high stack temperatures, economizers would be de- 
sirable. Large turbines would have extra heavy 
walls at the h igh-pressure ends Pd piping and fillings 
would be small for the very high pressures, A sin- 


gle-acting uniflow steam engine is suggested, 





The history of the development of the steam engine pre- 
sents a gradual but continuous and persistent rise of steam 
pressures, so that it seems natural that engineers should ask 
the question, “How far can steam pressures be practically and 
profitably increased?” Pleas for higher steam pressures have 
several times resulted from investigations of this subject; 
one of the most noteworthy of these was Prof. R. H. Thurs- 
ton’s paper on the “Promise and Potency of High-Pressure 
Steam,” read before the society in December, 1896. 


RECENT IMPROVEMENTS FAVORABLE TO HIGH 
PRESSURES 

Professor Thurston had a clear idea of the thermodynamic 
principles which make possible better economy by the employ- 
ment of higher steam pressures, but for several reasons he 
could not go as far as we today in presenting the practical 
aspeet of the problem. Our progress in this respect can briefly 
be summarized by referring to the conditions which existed 
in Professor Thurston’s time: 

Superheated steam had hardly been used, and the real ad- 
Vantage of using it was not understood. The real cause of 
such cylinder condensation as is not a natural accompaniment 
of adiabatie expansion was not clearly understood, and it was 
believed that to attain a high ratio of expansion in a piston 
engine it was necessary to use multiple expansion cylinders. 
The advantages of the uniflow cycle had not been proved 
Steam turbines of considerable size were in the experimental 
stage. The best shop methods did not permit the construction 
of high-pressure steam boilers without involving prohibitive 
expense, 

Since the science of thermodynamics has been recognized 
by engineers as a sure guide to improvement of heat-engine 
economy, there has existed a tendency to increase the temper- 
ature range of the working fluid, that is, to increase the tem- 
perature at which the working medium absorbs heat and to 
lower the temperature at which it rejects heat. In steam- 
engine practice this has led to the recognition of well-defined 
limits: \ maximum steam temperature of about 600 deg. F., 
above which lubrication of piston engines and maintenance of 
valve parts and packings are difficult, and a minimum condenser 
temperature of about SO deg. F., corresponding to 29 in. of 
vacuum or 14 lb. back-pressure. This temperature is so near 
the usual cooling-water temperature that a higher vacuum 
would require disproportionately large quantities of circu- 
lating water. The necessary size of the circulating pump and 
also the necessary increase in the size of the air pump render 
higher degrees of vacuum unprofitable. 

If, taking these limits, all heat were transferred to the 
steam at 600 deg. F., or 600 1H0 1,060 deg. abs., and all 
heat were rejected at 80 deg. F., or SO 460 540 deg. abs., 
the Carnot cycle would be realized, and the efficiency of the 


1,060 —‘$ 
engine would be ——————— = 0.491. 
1,060 


the heat transferred to the steam would be transformed into 


Thus nearly one-half of 


echanical energy. 

While the condition of the rejection of all heat at the lower 
temperature can be closely approximated, it is impossible to 
cause the steam to absorb all heat at the higher temperature. 
In the boiler the water must be evaporated at rising temper- 
‘lure, and if the steam is superheated the process of super- 
heating must also take place at Only 
that heat which converts water at a certain pressure and 

perature into steam of the same pressure and temperature 

bsorbed at constant temperature. This heat is the larger 
sirt of the total transferred from the furnace to the water. 


rising temperature, 


\ "A paper presented at the December, 1915, meeting of the 
merican Society of Mechanical Engineers. 
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It is apparent from the foregoing that the temperature 
limits do not alone determine the efficiency of the process, but 
that the degree of approximation to the ideal Carnot cycle is 
of importance. In the best except for 
slightly higher pressures in some few isolated cases, the max- 


present practice, 
imum steam pressure is 200 lb. per sq.in. absolute, and the 
superheat is 200 deg. F. The corresponding temperature of 
evaporation is 382 deg. F. and the bulk of the heat is absorbed 
at a temperature of 200 deg. F. below the maximum. It seems 
reasonable to expect that the approximation to the ideal 
Carnot evele, and simultaneously the economy, would be im- 
proved by using higher pressure and less superheat; that is, 
by increasing the temperature at which the bulk of the heat 
is absorbed without increasing the maximum temperature. 

Even a casual reference to steam tables and diagrams 
confirms this expectation and reveals the remarkable fact 
that the higher the steam pressure the less the total heat in 
the steam if the final temperature be kept constant, and cor- 
respondingly the superheat is reduced with advancing pres- 
This difference, while not great, is decidedly noticeable 
as Table 1 shows (the values throughout are taken from the 
Marks and Davis steam tables) 


sures. 


TABLE 1. TOTAL HEAT OF STEAM AT VARIOUS PRESSURES 
Temperature of steam, 600 deg. F., 
Steam pressure, 
Ib. per sq.in... 100 200 300 100 500 600 1574 
Temperature 
of evaporation, 


deg. Re ae ae 328 382 $17 145 167 487 600 
Superheat, deg. F. 272 21s 183 L5d 133 113 0 


Total heat, B.t.u. 
er TR. asx 08 6% 1323.3 1317.6 1310.7 1305.6 1301.8 1298.8 1176.0 
An examination of the Mollier total-heat entropy diagram 
shows that the amount of heat convertible into mechanical 
energy in adiabatic expansion to any given back-pressure is 
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considerably higher for high pressure and little superheat 
than for low pressure and much superheat, if the maximum 
temperature of the steam is the same in both cases. We have 
thus two cases making for better thermal efficiency with in- 
creasing steam pressure at constant maximum temperature 
the decreasing total heat of the steam and the increasing 
amount of that part of the heat convertible to mechanical 
energy in adiabatie expansion, 

To show clearly what gains can be expected from the in- 
the accompanying tables have been 
plotted in the 
accompanying total heut 
above the feed-water temperature, which is assumed to he 
equal to the temperature in the condenser, and the amount of 
heat convertible into. mechanical 
the efficiency that would be realized if the ideal 
were carried out; that is, if the expansion of the steam were 


crease of steam pressure 


compiled and the values contained in them 


r 


diagrams. “he tables show the 


energy. They also show 


tankine eycl 


strictly adiabatic without any losses due to either heat trans- 
fer or friction, and if the expansion were continued to the 
condenser pressure. The tables include in addition the per- 
centage of moisture in the steam at the end of the expansion, 
which will be discussed later, 

Table 2 and corresponding Fig. 1 are based on the assump- 
tion that the temperature of the steam is 600 deg. F. in all 
cases, and that the back-pressure is 1 lb. per sq.in., 
sponding to 29 in. vacuum. The steam pressure and the 
amount of superheat are variable quantities. 


corre- 
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Table 3 and Fig. 2 are based on a constant condenser pres- 
sure corresponding to 29 in. vacuum and on a constant super- 
heat of 100 deg. F., so that both steam pressure and temper- 
ature of the steam are variable. Table 4 and Fig. 3 are based 
on the same conditions as Table 2 and Fig. 1, except that the 
back-pressure is 14.7 lb. per sq.ft. corresponding to atmo- 
spheric exhaust. 

Table 5 and Fig. 4 are based on the same conditions as in 
Table 3 and Fig. 2, but on atmospheric exhaust. 


TABLE 2. EFFICIENCY AT VARIOUS STEAM PRESSURES 
Temperature of steam, 600 deg. F. Back-pressure, 1! Ib. 
per sq.in. (29 in. vacuum) 

Heat Units in 1 Lb. of 


Steam Percent- 
Converted age of 

Pressure Super- Total in Ideal Ef- Moisture 
in Lb. per heatin Above Adiabatic ficiency, in 

Sq.In. Abs. Deg. F. S80 Deg. F. Expansion per Cent. Exhaust 
100 272.2 1276.4 380 0.298 14.4 
200 218.1 1268.6 417 0.329 18.6 
300 182.5 1262.5 436 0.345 21.1 
400 155.2 1257.9 454 0.361 23.2 
500 132.7 1253.6 459 0.367 24.1 
600 113.4 1251.0 467 0.373 25.1 
1574 0 1128.0 454 0.403 35.7 


TABLE 3. EFFICIENCY AT VARIOUS STEAM PRESSURES 
Superheat, 100 deg. F. Back-pressure, 15 Ib. per sq.in. 
(29 in. vacuum) 

Heat Units in 1 Lb. of 


Steam Percent- 
Temper- Converted age of 

Pressure ature of Total in Ideal Ef- Moisture 

in Lb. per Steam in Above Adiabatic ficiency, in 

Sq.In. Abs. Deg. F. 80 Deg. F. Expansion per Cent. Exhaust 
100 427.8 1191.7 339.7 0.285 0.187 
200 481.9 1209.1 387.1 0.320 0.215 
300 517.5 1220.2 414.2 0.340 0.230 
400 544.8 1228.9 432.9 0.353 0.240 
500 567.3 1237.0 450.0 0.364 0.248 
600 586.6 1244.0 461.0 0.370 0.253 
684 600.0 1250.0 473.0 0.379 0.258 


TABLE 4. EFFICIENCY AT VARIOUS STEAM PRESSURES 
Temperature of steam, 600 deg. F. Atmospheric back- 
pressure, 14.7 lb. per sq.in. abs. 

Heat Units in 1 Lb. of 


Steam Percent- 
Converted age of 

Pressure Super- Total in Ideal Ef- Moisture 
in Lb. per heatin Above Adiabatic ficiency, in 

Sq.In. Abs. Deg. F. 212Deg.F. Expansion per Cent. Exhaust 
100 1144 196 0.171 2.3 
20e 1137 224 0.197 5.9 
300 1130 225 0.226 9.8 
400 1126 273 0.243 12.0 
500 1122 282 0.251 13.4 
600 1119 291 0.260 14.7 
L574 996 305 0.306 28.8 





In all the comparisons based on constant final temperature 
the steam pressures are carried up to 1,574 lb., which is the 
pressure at which saturated steam has a temperature of 600 
deg. At present such high pressures should hardly be advo- 
cated, but the figures clearly indicate the gain that might be 
realized with engines and turbines designed for such steam 
pressures. 

Fig. 5 illustrates these theoretical gains due to high steam 
pressures and shows how the relative amount of convertible 
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heat increases with higher pressures, and the tabulations in 
Table 6 give numerical values. 

Tables 7 and § give the theoretical percentage of gain for 
certain comparisons, selected on account of their relation to 
conditions prevailing in present practice. 

These tables show that, even in case of high vacuum in 
the condenser, the gains, while not overwhelmingly large, 


deserve careful consideration, and that in case of atmospherie 
exhaust these gains are so large as to fully justify an 
deavor to use high steam pressures. Referring to Tables 2 
and 4, we find that, theoretically, the efficiency of high-p).s- 
sure noncondensing engines should be as high as that of 
many condensing engines under present conditions. 

The following considerations show how far the benefits of 
high steam pressures may be realized under working con)j 
tions, as far as our present knowledge and experience ena 
us to realize them. 

The ideal Rankine cycle cannot be realized in practice. [y 
steam turbines the expansion of the steam cannot be effecied 
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FIG. 5. ENTROPY DIAGRAM; PRESSURES UP TO 
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without friction losses, which are converted into heat and to 
that extent make the expansion deviate from the adiabatic 
It is also impossible to fully extract the mechanical energ) 
that manifests itself in the velocity of the steam, the residual 
velocity representing a loss. 

In piston engines of the double-flow type there are large 
losses due to initial condensation at the time of steam admis- 


TABLE 5. EFFICIENCY AT VARIOUS STEAM PRESSURES 
Superheat, 100 deg. F. Atmospheric back-pressur¢ 
(14.7 lb. per sq.in. abs.) 

Heat Units in 1 Lb. of 


Steam Percent- 
Temper- Converted age of 
Pressure atureof Total in Ideal Ef- Moisture 
in Lb. per Steam in Above Adiabatic ficiency, in 


Sq.In. Abs. Deg. F. 212Deg.F. Expansion per Cent. Exhaust 


100 427.8 1059.7 148.7 0.1405 0.062 
200 481.9 1077.1 203.6 0.189 0.100 
300 517.5 1088.2 235.2 0.216 0.121 
400 544.8 1096.9 256.9 0.234 0.134 
500 567.3 1105.0 275.0 0.249 0.144 
600 586.6 1112.0 289.0 0.260 0.152 
684 600.0 1123.0 306.0 0.272 0.15% 


sion and to heat transfer between the steam and the cylinder 
walls. In the uniflow type of piston engine, properly designed, 
these losses can be almost entirely avoided. In this latte: 
type it is impossible to carry the expansion down to the 
condenser pressure, because if such were done the com- 
pression, which commences at the same point of the stroke 
where the expansion ends, would simply be a reversal of the 
expansion. Thus the compression curve would retrace tli 
expansion curve, and no work would be done in the cylinde! 
In fact, no steam could enter the cylinder, because the clear- 
ance would contain as much steam of the same pressure aid 
volume as that admitted for expansion. 

These sources of loss—friction in the turbine, condensa- 
tion in the double-flow piston engine and incomplete exp2n- 
sion in the uniflow engine—determine the practical limits 0! 
the possibility of realizing the Rankine cycle. In large stean 
turbines this approximation, or the Rankine-cycle efficienc) 
has been carried to about 76 per cent., and an effici: 


- ogy 





December 14, 1915 


closely approximating this has been realized in uniflow 
engines, even in small sizes. 

There is no reason why the same relative efficiency should 
not be realized with higher steam pressures. Such losses as 
are simply due to temperature differences must be the same 
if the initial and final temperatures of the steam remain the 
same, because the temperature changes through which the 
steam passes in performing the cycle are of the same magni- 
tude in both cases. 

In a steam turbine higher steam pressures will mean 
either higher velocities or more stages, both introducing 
higher friction losses. It is, however, to be expected that by 


TABLE 6. COMPARISON OF EFFICIENCY WITH 
DIFFERENT PRESSURES 
iExhaust, 29 In. vacuum 


Initial Condition of Heat Unitsin 
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125 0 344 1010 157 0. 1000 a;nopay 
600 113 600 1119 291 0.2 1675 apfehea, 
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TABLE 7. RELATIVE GAIN IN THERMAL EFFICIENCY 
DUE TO INCREASING STEAM PRESSURE TO 

600 LB. PER SQ.IN. ABS. 

—29 In. Vacuum— Atmospheric Exhaust 

Constant Constant 

Temper- Constant Temper- Constant 
ature, Superheat, ature, Superheat, 

Initial Condition 600 Deg. F. 100 Deg. F. 600 Deg. F. 100 Deg. F. 
of Steam per Cent. per Cent. per Cent. per Cent. 

As against 100 Ib. - : 
initial pressure... 25 3 52 85 

As against 200 Ib. 


Final Condition 
of Steam 


initial pressure.. 15 1514 32 371% 
TABLE 8. RELATIVE GAIN IN THERMAL EFFICIENCY 
DUE TO INCREASING STEAM PRESSURE TO 
1,574 LB. ABS. 

Atmospheric 
[exhaust 


Final Condition of Steam 29-In. Vacuum 


As against 100 lb. initial pressure, 


LOG Ger, DUNT MORE. 5 oso cc caces 4114 percent. 1S7 per cent. 
As against 200 lb. initial pressure, , 
238 Gee. BUOTMORL. 6206s cccesss 2214 percent. 105 per cent. 


careful design the percentage of these friction losses as com- 
pared with the total amount of energy available in adiabatic 
expansion can be kept the same as in present practice. In 
uniflow engines it is quite possible to keep the percentage of 
loss due to incomplete expansion as low as the corresponding 
percentage now obtaining. 

PRESENT BOILER DESIGN AND HIGH PRESSURE 

The foregoing seems to justify the employment of higher 
Standard boiler designs, however, do not 
permit the production of steam of a pressure higher than 
about 200 lb. without sacrificing safety and without calling 
for an investment in the boiler plant high enough to offset 
the gain in economy caused by higher steam pressures. 

The solution of the problem of boiler safety under high 
steam pressures demands two fundamental changes in boiler 


design: 


steam pressures. 


The boiler must be constructed entirely of tubes of rela- 
tively small diameter. All drums and vessels of large diam- 
eter, as well as all flat surfaces (even if stayed), must be 
ubundoned, 

Iixpanded, beaded or riveted joints exposed to the action 
of the fire must be avoided. That part of the boiler which 
receives the heat of the furnace must be practically a 
one-piece structure. 

[It is important that in meeting these requirements the 
essential characteristic of water circulation in the boiler be 
retained to make possible a control of the steam pressure 
and of the water content of the boiler by simple means. Flash 
boilers, while permitting high steam pressures, are not de- 
Sirable, because they require complicated automatic regulat- 
ing devices necessary on account of the interdependenee of 
feed and fire control. 

In considering boilers for high steam pressures, it must 
© Overlooked that the water in the boiler is at a higher 
temperature than that in a low-pressure boiler. This differ- 
“nee amounts to approximately 100 deg. for 600 1b. pressure, 
«S compared with 200 lb. Even if the heating surface is made 
large, or, in other words, the evaporation per square foot is 
Kept low, the stack gases will leave the high-pressure boiler 


not 
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at a temperature 100 deg. higher than the corresponding gases 
of the low-pressure boiler. The boiler efficiency, other things 
being equal, is correspondingly reduced 

It is possible to meet this difficulty by making the heating 
surface of high-pressure boilers larger in proportion to what 
is practiced in boilers working under pressures used today 
It is also possible to increase the effectiveness of the heating 
surface by proper design. Boiler designers are realizing the 
possibilities in this direction, even with steam pressures not 
higher than 200 lb. This is demonstrated by modern boilers 
which show an evaporation per square foot of heating surface 
twice as high as was customary only a few years ago, at the 
same time realizing a better efficiency than formerly. 

It seems reasonable that highly efficient high-pressure 
steam boilers can be made without resorting to special heat- 
saving apparatus to offset the effect of the higher temper- 
ature of the water in the boiler. The possibilities of these 
extraneous heat-saving devices should, however, not be over- 
looked Iven though the waste gases leaving the boiler have 
a temperature of 700 deg. or more, a properly installed econ- 
omizer will reduce this temperature to any desired degree 
within the limits given by the temperature of the feed water. 

The question of strength of constructional parts outside of 
the boiler to withstand high steam pressures is of importance. 
In reciprocating engines this question can be answered from 
practice, because pressures far exce ding 600 Ib. per sq.in. 
ure used successfully in gas engines and Diesel engines, and 
therefore the design of cylinders for high steam pressures 
should not present difficulties not already overcome. 


EXTRA-HEAVY HIGH-PRESSURE CASINGS FOR 
TURBINES 

In steam turbines, especially in those of larger size, the 
casings of large diametcr would need to have disproportion- 
utely heavy walls were they reqvived to withstand pressures 
much higher than those now employed The solution of the 
problem of adapting turbines to high pressures is found in the 
principle underlying most present designs of large steam- 
turbine units. According to this principle, the pressure of 
the steam is greatly reduced in the first nozzle and the re- 
sulting high velocity is utilized in several rows of blades ot 
the velocity-stage type Thus it is possible to confine high 
pressures to the steam piping and to the “steam belt” carrying 
the steam to the first nozzles, but to have comparatively low 
pressure even in the first part of the casing The lesser efli- 
ciency of the velocity staging is not s* serious at the high- 
pressure end as it would be at the low-pressure end, because 
the loss manifests itself in a somewhcrt high’r superheat ot 
the steam entering the succeeding stages and is partly re- 
covered. 

With high pressures the difficulties with piping and fittings 
are reduced on account of the lower specific volume of the 
steam. Even if lower rates of flow than those at present cus- 
tomary are permitted in high-pressure steam lines (on account 
of the greater density of the steam), the fact that one pound 
of steam at 600 lb. pressure occupies approximately one-third 
of the space required by one pound at 200 Ib. reduces the 
required size of the piping and fittings to such an extent that 
both difficulties in design and cost for a yviven capacity are, 
if anything, less than for lower pressures 


SINGLE-ACTING STEAM ENGINE SUGGESTED 

In piston engines the question of cylinder lubrication is 
important. It is apparent that high steam pressures will per- 
mit neither slide nor Corliss valves The advent of higher 
pressure will cause the poppet valve to come into its own in 
America, where it is now seldom used, in spite of the success 
it has had in KWurope for many years, lately the flexible-seat 
type especially. 

Most of the lubricating oil now used in piston engines is 
required for the steam-distributing valves. That quantity re- 
quired by the piston and piston rings is small and the possi- 
bility of sufficient piston lubrication is not affected by higher 
initial steam pressures, because even in case of very high 
mean effective pressures in single-acting engines, where the 
piston serves as a crosshead and therefore requires constant 
lubrication, the piston can be made long enough to keep tli 
pressure per square inch within proper limits. 

For a given output the cost of a uniflow engine suitable 
for high steam pressures should be less than that of double- 
flow engines, as soon as it can be manufactured under eco- 
nomical conditions of manufacture. Such an engine, if single- 
acting, has but one simple organ of steam distribution, ond 
on account of its high mean effective pressure its weight per 
horsepower is low iSven in a single-acting engine of this 
type the mechanism is utilized twice as efficiently as in a four- 
stroke cycle Diesel engine 

Steam turbines for high steam pressures would probably 


cost a little nore than those using lower pressures and giving 
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the same powey, on account of the extra stages required. The 
extra cost would be offset by a considerabie saving in the 
required condenser cooling surface on account of the larger 
percentage of moisture in the steam entering the condenser 
and the reduced steam consumption due to better thermal 
efficiency. Table 9, based on the values of Table 2, will make 
this clear. 

The question of stuffing-boxes can be eliminated in both 
turbines and piston engines—in turbines because high steam 
pressures need not be carried beyond the first nozzle, and in 
piston engines because the single-acting type of engine is 
from many points of view the logical design for high. pres- 
sures. In such a piston engine the stem of the one valve 
can be provided with a “labyrinth” packing, 

THE QUESTION OF AUXILIARIES 


In very large plants all auxiliaries are often driven by 
electric power, and the current is furnished by a separate 
unit. As these “house-service units” in modern power plants 


have capacities of 2,000 kw. and over, it is simple to operate 

them directly with high-pressure steam. 
TABLE 9. REDUCED STEAM CONSUMPTION 
BETTER THERMAL EFFICIENCY 


DUE TO 





200 Lb. 600 Lb. 
Initial Condition of Steam 600 Deg. F. 600 Deg. F. 
Ideal efficiency with 29 in. vacuum..... 0.329 0.373 
ercentage of steam in exhaust......... O.S14 0.749 
0.749 
Ratio of condenser cooling surface = 0.329 xX — x 
0.373 


0.814 = 0.812. Thus, a saving of about 19 per cent. of the 
condenser cooling surface might be expected. 


Where it is desired that the auxiliaries be driven inde- 
pendently, it should he possible to drive them with high- 
pressure steam turbines if the size of the auxiliary unit 


warrants this, or by high-pressure uniflow engines for the 
smaller sizes. In this latter case, the objection might be 
raised that the exhaust of the uniflow engine would introduce 
a certain amount of lubricating oil into the condenser. This 
can be met in different ways. If the uniflow engine is of the 
vertical single-acting type, the lubrication can be reduced to 
i small amount, and could possibly be accomplished with 
graphite only, so that the amount of lubricant introduced into 
the condenser would be insignificant and harmless. 

Another way would be the noncondensing operation of the 
uniflow engines, using the heat of their exhaust in a feed- 
water heater. This manner of operation appears to be 
attractive, hecause the economy of noncondensing uniflow 
engines, as compared with noncondensing engines of other 
types, is high. Where clean feed water is available, the 
method would be readily applicable, or the uniflow auxiliary 
units may be connected to an independent smal) jet condenser. 

In the foregoing only some of the important points in the 
design of prime movers utilizing high steam pressures have 
been touched upon, and these only in a general way. It seems 
clear, however, that if steam pressures are increased to, say, 
600 lb. per sq.in. without using temperatures higher than those 
employed in modern practice, the difficulties encountered by 
the designer are not formidable and are more easily met than 
in the case of some types oft explosion engines which have 
heen successfully designed. The result to be attained by 
adopting such high steam pressures appears to be fully worth 
the effort, because thermal efficiencies closely approaching 
those of explosion engines can be realized with simpler and 
expensive apparatus and consequently better overall 
economy, at the same time retaining all the practical ad- 
vantages which steam utilization has over any other method 
of producing power. 
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JAMES MAPES DODGE 
James M. Dodge, chairman of the board of directors of the 
Link-Belt Co., Philadelphia, Penn., died at his residence in 
Germantown, Philadelphia, on Saturday, Dec. 4, aged 63 years 
Mr. Dodge was a native of New Jersey. His maternal grand- 
father, James J. Mapes, was an eminent chemist and scientist. 


His mother, Mary Mapes Dodge, was widely known through 
her editorship for many years of the juvenile magazine, “St. 
Nicholas.” Mr. Dodge was for three years a student at Cor- 


nell University, then he spent a year at Rutgers College, New 
Jersey, where he took a course in chemistry. His 
early engineering work was in the field of shipbuilding. 
Starting in as an ordinary workman at the famous old ship- 
yards of John Roach at Chester, Penn., he became at the end 
of three years superintendent of erection. 

In Chicago about 1880 Mr. Dodge became acquainted with 
William PD. Ewart about the time that the latter had invented 
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and patented a new type of sprocket-chain transmission, usin: 
separable links. Mr. Dodge joined Ewart and his associat: 
in the commercial development of this invention, and it dete: 
mined his future business career. 

At the time of the Ewart invention the sprocket whe 
and chain, although an old device for the transmission o 
motion, was hardly used in machine construction or enginee 
ing. Mr. Dodge’s inventive genius found full scope in th: 
new industry in the development of various devices intend: 
to utilize the chain transmission. The application of ch: 
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transmission to large power installations led to the forma- 


tion in 1888 of the Link-Belt Engineering Co., where under 
Mr. Dodge’s direction a strong engineering and scientific or- 


ganization was built up. 

In 1889 Mr. Dodge brought out his now well-known system 
of anthracite coal storage, using the Link-Belt conveyor to 
deliver the coal in great conical piles. A separate organiza- 
tion, the Dodge Coal Storage Co., was formed to exploit this 
invention. The extent of Mr. Dodge’s original work may be 
judged by the fact that he took out over a hundred United 
States patents on his inventions. 


Mr. Dodge was among the best-known members of th: 
American Society of Mechanical Engineers. He joined the 
society in 1884, only four years after its organization. He 


was elected one of the managers of the society in 1891, was 
a vice-president in 1902 and was elected to the presidency in 
1908. He also took great interest in the Engineers Club ot 
Vhiladelphia and in the Franklin Institute. He had been 
vice-president of the latter organization. 
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BUSINESS ITEMS 
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The Jeffrey Manufacturing Co., Columbus, Ohio, has opened 
a branch office in the M. & M. Building, Milwaukee, Wis. Th« 
office will be in charge of A. Q. Dufour. 

Ralph B. Phillips recently completed a merger of munition 
plants, and a company known as the Phillips Corporation is 
to be incorporated in Delaware with an initial issue of $25.- 
000,000 cumulative. preferred and common stock. This con 
cern is to be a holding company for the American Steam 





